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1.0 INTRODUCTION

Since 1944, the U.S. Department of Energy (DOE) and its predecessors have

stored high-level waste (HLW) in underground storage tanks at Hanford. In

the 1950s, operations of the REDOX and PUREX process were initiated. The

HLW from these processes contained radioactive fission products in higher
concentrations than the waste from the earlier Bismuth Phosphate (BiPO 4)
process. The higher concentration of radionuclides caused these wastes to

self-boil until a sufficient period of radioactive decay had elapsed. These

wastes were stored in "aging waste" tanks during the period of self-boiling.

T

in an attempt to conserve tank space, the aging waste was allowed to
concentrate in-tank by removing the condensate from the self-boiling. The

waste in some tanks was concentrated to the point where high temperature
excursions in the solids occurred. The temperature excursions periodically
lead to a phenomena known as "tank bump". A tank bump is a sudden release

of vapor (steam) from the waste, which causes a tank pressurization and
resultant release through unfiltered pathways. This document compiles the

existing significant information on past tank bumps in support of determining
a Westinghouse Hanford Company (WHC) position for future evaluations.

Since the first tank bump experience (mid-1950's) there have been
modifications in the design and operation of aging waste tanks in an attempt
to prevent tank bumps from occurring. Although past tank bump events
occurred for various reasons, the following scenario or any series of the
following which lead to the Release to the Environment is accepted as the

only credible tank bump scenario that could occur under the current aging
waste tank operations:

Initiating Event - Equipment failure which allows the solids to settle or
cooling mechanism failure (e.g. sotids percolation Paths plug).

Heat Build-Up - A temperature rise in the solid and/or liquid phase rom
radio-isotopic decay.

Heat Released - The superheated solids and/or liquid is agitated (e.g.
Airlift Circulators (ALCs) or mixer pumps) which allows the heat stored to
be released.

Vapor Generation - The pressurized and superheated liquid raising the
temperature of the surrounding supernatant to its boiling poInt and thus the
rapid vapor generation.

Release to the Environment - The vapor generation is great enough to
overwhelm the ventilation system causing a tank pressurization and a
resultant vapor release to the environment through unfiltered tank oatnways
(e.c. cover oiocks. tank risers and sidefill linas).
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'Ka first tank bump scanario calculation involved a grgat deal of resnarvc
an data gathering !Jones, 1187). The documents and letters generateu ;v

t years pertaining to tank bumps will he included in this document n,
assist in any future refinements of tank bump calculations (Appendix A).
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2.0 SUMMARY

Aging waste has been stored in tanks at Hanford since the early-1950's. The
first record of a tank bump occurring was reported in the mid-1950's. The
tank bumps over the years are believed to be caused by one of three methods:

* A possible organic crust forms over the surface of the
liquid which results in the supernatant superheating and
pressurizing, which raises the local boiling point of
the supernatant at the liquid surface until the pressure
is great enough to crack the organic crust. Upon
cracking, the superheated supernatant depressurizes and
the local boiling point returns to normal resulting in a
rapid generation of vapor (Harmon, 1955).

* The most publicized tank bump was Tank 105-A which was
attributed to the evaporation of water entrapped in
concrete between the metal liner and concrete wall and
floor. A sludge temperature would have to be sufficiently
high to produce a vapor pressure exceeding the hydrostatic
head of liquid in the tank thus causing the liner to
lift (Beard, 1967). This type of tank bump scenario was
known prior to the accident of Tank 105-A and the
instability of single-shell tank bottoms is best
described in Brownwell, 1958.

* A single ALC was placed in-tank and it was noticed that
when the circulator was off for a period of time and
restarted abruptly, a rapid generation of vapor occurred
From heat being released from the superheated solids
and/or liquid (Hanson, 1955).

Only the last of the above methods could occur under current aging waste
tank operations. Design and administrative changes have been implemented in
aging waste tank farm management over the 40 years of operation to help
prevent tank bumps from occurring. Since Tank 105-A (1965) there has not
been another recorded tank bump. The changes in tank design and operations
are outlined in Table 1. As a result of these changes to the tank design
and operations, the only tank bump scenario that is credible is the one in
which the solids and/or supernatant superheats and the heat is released in
an uncontrolled fashion upon solids and/or supernatant agitation.

The "superheated solids/supernatant agitation" tank bump scenario has been
characterized by utilizing the two-dimensional HEATING5 computer conduction
code (Jones, 1988) and verified by a one-dimensional derivation of Fouriers
second law of heat conduction (Kuhn, 1988). The results of the two heat
G anster analyses were within 2% difference. The comparison of tank bump
neat transfer methodologies was made on the current projected worst case
acing qaste tank conditions (o N Reactor case, ihalik. 1933).
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T>e tank bump scenario methodology has tnree assumptions that the

conservatism cannot be quantified. Although the assumptions in question
nave been agreed upon as being conservative for the current worst case

conditions, a quantifiable conservatism could not be derived. Thetnree

questionable assumptions are: thermal strati Fication of the supernaiani,
instantaneous solids settling upon loss of the tank agitation equipment. anc

the solids resuspend in a negative exponential fashion over an 8-hour time

period. The current worst case tank bump scenario (Mihalik, 1988) has
acceptable recovery times to prevent a tank bump event from occurring.
Therefore, it is recommended that no additional modelling work be perfcorme

to refine the questionable assumptions unless an aging waste tank condituar
arises or is projected to exceed the current worst case conditions.

TABLE 1 Design and Administrative Changes to Prevent Tank Oumps

Design or
Operation Chance

Double-Shell Tanks

n-OTank Agitation

Tamperature Limits

Sodium Limits

Aesults or Benefits

A second *entilated shell (annulus) was awcte so !3
3ingle-snell tanks to safely contain a primary tcr
leak and reduce the possibility of the water vapcr
Pressurizing from the lack of soace and high temoerau~r
such as werc seen in Tank 105-A. The aging qasze vank
annulus ventilation systems provi'e limited heat a::
vapor removal and containment in the event a small lob.
develops.

22 - ALC have been symmetrically spaced throughout 0,.
tank to provide liquid agitation and sollcs suspersn
a: we! as transferring heat from both chases.

Tamperature limits are placed on the aging 4asta EcAs
to prevent degraaation of the tank materials, uneven
surge boiling, or other conditions which could endanger
containment of the waste. If temperature limits are
exceeded, all aging waste transfers to that tank wculd
cease until the problem could be corrected.

The sodium limit of 5 and 5.5M has been mplemnte'.
to minimize the amount of orecipitatec solids in
the tank. Aluminum Hydroxide (Gibbsite) is suspectoc
to precipitate when the tank contents are allowed
to concentrate to sodium levels above 5.5M.
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OUTPUT FROM CP.FOR GENERATED AS OF 19-APR-1988 11:26:30

Table 5. Results of Conduction Calculations: Case 5

PAGE 55 OF 26

Tegmerature Rise, OF
hrs

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220

Tctr

20.83
35.68
46.19
53.99
60.04
64.89
68.89
72.27
75.19
77.74
80.01
82.05
83.90
85.59
87.15
88.59
89.94
91.19
92.38
93.49
94.55
95.55
96.50
97.40
98.27
99.10
99.89

100.65
101.38
102.09
102.77
103.43
104.06
104.68
105.27
105.85
106.41
106.95
107.48
108.00
108.50
108.99
109.46
109.93

Heat Conducted
BTUTsurf

8.94
17.63
25.60
32.72
39.02
44.62
49.61
54.10
58.17
61.87
65.27
68.40
71.30
74.00
76.53
78.89
81.12
83.23
85.22
87.11
88.91
90.63
92.27
93.84
95.34
96.78
98.17
99.50

100.78
102.02
103.22
104.38
105.50
106.59
107.64
108.66
109.65
110.61
111.55
112.46
113.35
114.21
115.06
115.88
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Fract

3.200e+05
8.970e+05
1.610e+06
2.410e+06
3.260e+06
4.130e+06
5.020e+06
5.910e+06
6.800e+06
7.680e+06
8.560e+06
9.440e+06
1.030e+07
1. 120e+07
1.200e+07
1. 280e+07
1.370e+07
1.450e+07
1.530e+07
1.610e+07
1.690e+07
1.770e+07
1.850e+07
1.930e+07
2.000e+07
2.080e+07
2.150e+07
2.230e+07
2.300e+07
2.370e+07
2.450e+07
2.520e+07
2.590e+07
2.660e+07
2.730e+07
2.800e+07
2.870e+07
2.940e+07
3.010e+07
3.070e+07
3.140e+07
3.210e+07
3.270e+07
3.340e+07

0.105
0.147
0.176
0.198
0.214
0.226
0.235
0.242
0.248
0.252
0.255
0.258
0.260
0.261
0.262
0.263
0.264
0.264
0.264
0.264
0.264
0.264
0.264
0.263
0.263
0.262
0.262
0.261
0.260
0.260
0.259
0.258
0.257
0.257
0.256
0.255
0.254
0.253
0.253
0.252
0.251
0.250
0.249
0.249
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CUTPUT FRCM CP.FOR GENERATED AS OF 19-APR-1988 11:25:30 PAGE 56 OF 26

22.5
230
235
240
245
250
255
250
265
270
275
230
285
290
295
300

,NDEPENCENT OEIE CF
AGING ASTE TANK "DUMP" ANALYSE3 >lay 13, 1983

110.38
110.82
111.25
111.57
112.09
112.49
112.89
113.27
113.65
114.03
114.39
114.75
115.10
115.45
115.79
116.12

116.68
117.46
113.23
113.98
119.71
120.42
121.12
121.81
122.48
123.14
123.78
124.41
125.03
125.64
126.24
126.82

3.400e+07
3.470e+07
3.530e+07
3.590e+07
3.660e+07
3.720e+07
3.780e+07
3.840e+07
3.910e+07
3.970e+07
4.030e+07
4.090e+07
4. 150e+07
4.210e+07
4.270e+07
4.330e+07

0.248
0.247
0.246
0.245
0.245
0.244
0.243
0.242
0.242
0.241
0.240
0.239
0.239
0.238
0.237
0.236

Page 56 0-7 '00
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OUTPUT FROM CP.FOR GENERATED AS OF 19-APR-1988 11:26:30 PAGE 57 OF 26

Table 6. Results of Conduction Calculations: Case 6

Temnerature Rise, 0F Heat Conducted
hrs Tctr Tsuri BTU Fract

5 2.24 1.53 5.320e+04 0.017
10 4.47 3.06 1.500e+05 0.025
15 6.70 4.59 2.760e+05 0.030
20 8.91 6.13 4.250e+05 0.035
25 11.08 7.66 5.940e+05 0.039
30 13.20 9.19 7.810e+05 0.043
35 15.27 10.72 9.850e+05 0.046
40 17.28 12.25 1.200e+06 0.049
45 19.23 13.78 1.440e+06 0.052
50 21.13 15.30 1.680e+06 0.055
55 22.97 16.83 1.940e+06 0.058
60 24.76 18.35 2.210e+06 0.060
65 26.49 19.86 2.490e+06 0.063
70 23.18 21.36 2.780e+06 0.065
75 29.82 22.86 3.080e+06 0.067
80 31.42 24.35 3.390e+06 0.069
85 32.98 25.83 3.710e+06 0.072
90 34.49 27.30 4.040e+06 0.074
95 35.97 28.75 4.370e+06 0.075

100 37.41 30.20 4.720e+06 0.077
105 38.82 31.63 5.070e+06 0.079
110 40.19 33.05 5.420e+06 0.081
115 41.53 34.46 5.790e+06 0.082
120 42.84 35.85 6.160e+06 0.084
125 44.12 37.23 6.530e+06 0.086
130 45.38 38.59 6.910e+06 0.087
135 46.60 39.94 7.300e+06 0.089
140 47.80 41.28 7.690e+06 0.090
145 48.98 42.60 8.080e+06 0.091
150 50.13 43.91 8.480e+06 0.093
155 51.26 45.20 8.890e+06 0.094
160 52.37 46.47 9.300e+06 0.095
165 53.45 47.74 9.710e+06 0.096
170 54.52 48.99 1.010e+07 0.098
175 55.56 50.22 1.050e+07 0.099
180 56.59 51.44 1.100e+07 0.100
185 57.60 52.64 1.140e+07 0.101
190 58.58 53.83 1.180e+07 0.102
195 59.56 55.01 1.220e+07 0.103
200 60.51 56.17 1.270e+07 0.104
205 61.45 57.32 1.310e+07 0.105
210 62.37 58.46 1.360e+07 0.106
215 63.27 59.58 1.400e+07 0.107
220 64.17 60.69 1.440e+07 0.108

INDEPENDENT REVIEW OF
Page 57 of 60 AGING WASTE TANK "BUMP" ANALYSES May 18, 1988
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CUTPUT FRCM C?.FOR GENERATED AS OF

225
230
235
240
245
250
255
260
265
270
275
230
285
290
295
300

65.04
65.90
66.75
675
8 .41
69.22
70.01
70.80
71.57
72.33
73.08
73.82
74.54
75.26
75.97
76.66

61.78
52.36
53.93
54.99
66.03
67.06
68.08
69.09
70.09
71.07
72.04
73.00
73.95
74.89
75.82
76.74

19-APR-1988 11:26:30

1.490e+07
1.530e+07
1.580e+07
1.620e+0 7

1.670e+07
1.710e+07
1.760e+07
1.800e+07
1.850e+07
1.890e+07
1.940e+07
1.990e+07
2.030e+07
2.080e+07
2.120e+07

2.170e+0 7

PAGE 58 OF 26

0.108
0.109
0.110
0.111
0.112
0.112
0.113
0.114
0.114
0.115
0.116
0.116
0.117
0.117
0.118
0.119

Page 53 of 60

UDEPENDENT RE'IE'J OF
AG:ING ,,S7E TA2K 0'UMP" ANALYSES May 13, 1923
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OUTPUT FROM CP.FOR GENERATED AS OF 19-APR-1988 11:26:30

Table 7.

PAGE 59 OF 26

Results of Settling Calculations, zones
(See text for explanation of headings)

Maximum
Size,

Microns

1.000
1.259
1.585
1.995
2.512
3.162
3.981
5.012
6.310
7.943

10.000
12.590
15.850
19.950
25.120
31.620
39.810
50.120
63.100
79.430

100.000

Solids
vol ume

fraction

0.0036
0.0055
0.0081
0.0117
0.0162
0.0217
0.0281
0.0352
0.0428
0.0507
0.0584
0.0657
0.0724
0.0784
0.0835
0.0877
0.0912
0.0938
0.0958
0.0973
0.1000

Zone
Velocity,

ft/sec

5.26e-06
8.23e-06
1.29e-05
2.00e-05
3.10e-05
4.76e-05
7.29e-05
1.11e-04
1.69e-04
2.56e-04
3.89e-04
5.92e-04
9.05e-04
1.39e-03
2.14e-03
3.32e-03
5.17e-03
8.11e-03
1.28e-02
2.03e-02
3.21e-02

Fraction
Settled

%

100.0
98.8
97.5
95.7
93.5
90.6
87.0
82.6
77.4
71.4
64.9
57.9
50.7
43.5
36.6
30.1
24.2
19.0
14.6
10.9

8.0

Page 59 of 60
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Zone

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Elapsed
Time
hrs

1427.00
912.10
584.40
376.50
244.00
159.10
104.40
68.82
45.54
30.20
20.02
13.25
8.74
5.74
3.75
2.44
1.57
1.01
0.64
0.41
0.26

Heat
Deposited

BTU

3.89e+07
3.71e+07
3.33e+07
2.90e+07
2.47e+07
2.05e+07
1.68e+07
1.35e+07
1.07e+07
8.26e+06
6.28e+06
4.69e+06
3.43e+06
2.46e+06
1.73e+06
1.20e+06
8.14e+05
5.44e+05
3.59e+05
2.33e+05
1.51e+05

333
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OUTPUT FRCM CP.FOR GENERATED AS OF 19-APR-1988 11:26:30

Table 8.

Size,
Mi crons

1.000
1.259
1.585
.995

2.512
3.162
3.981
5.012
6.310
7.943

10.000
12.590
15.50
19.950
25.120
31. 620
39.810
50.120
63.100
79.430

100.000

Results of Settling Calculations,
(See text f'or expianation of headi

Initial
Conc.

0.313
0.166
0.229
0.306
0.392
0.484
0.575
0.657
0.723
0.766
0.781
0.756
0.723
0.e57
0.575
0.484
0.392
0.306
0.229
0.166
0.313

Fraction
of total

vol ume

0.031
0.048
0.071
0.101
0.141
0.139
0.247
0.312
0.335
0.461
0.539
0.1515
0.683
0.754
0.811
0.860
0.899
0.930
0.952
0.969
1.000

PAGE 60 OF 26

particles
ngs)

Slip
Velocity,

ft/sec

3.39e-06
5.53e-06
3.75e-06
1.37e-05
2.13e-05
3.43e-05
5.39e-05
8.50e-05
1.34e-04
2.10e-04
3.31e-04
;.20e-04
3.13e-04
1.29e-03
2.1 3e-O3
3.19e-03
5.04e-03
7.93e-03
1.27e-02
2.02e-02
3.24e-02

0AGDNG WASTE TANK BUM1P* ANALYSES 1 ay 18, 1 9 388Page 0-0 0f 60
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TABLE 1 (cont.)

Design or
Operation Change Results or Benefits

Organic Limits Separable organic compounds used in the PUREX process
are recovered and not allowed to be transferred to aging
waste tank farms. This process eliminated possibility
of organic crust built up on top of the supernate
(RHO-MA-116).

Heat Load
Limit A limit on the heat load has been imposed on each aging

waste tank. The heat load cannot exceed 4 million Btui'hr.
If the limit is reached the tank will be considered full
to prevent excessive heat loading (Bergmann, 1989).

Ventilation Systems The ventilation systems today are capable of handling
higher flow rates and larger vapor loading due to the
larger piping, deentrainers, and surface condensers.
The original aging waste tanks in S and SX Tank Farms
that bumped had no ventilation system.

-7
1
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3.0 1-ASTE TANK OPERATIONS HISTORY

Past Waste TanK Operations

The first plutonium separations process began operating at Hanford in 194I.
Since that time, there have been three different plutonium separations
processes housed in four operating facilities which are: T Plant
(1944-1956), B Plant (1945-1952), REDOX (1952-1966) and PUREX (1956-1972;
1983-present). The three plutonium separations processes used at Hanford

produce HL4. The first processing rates and conditions from The Bi2O

Process at B Plant and T plant were such that the stored HLW could dissipare
the heat from radioactive decay to the ground without attaining a tempera tur
high enough to boil the waste solution. However, with technological
development, a method to reduce volume of chemical waste per unit of uran ur

Processed was developed which produced a higher rate of heat evolution per
waste volume and caused some of the waste to boil. The waste is allowet
sit in the tanks until the heat load eventually decreases From radioaci
docay to a point where further processing can take place and eventu
-4nal disposal. The time required for the heat load to decrease to nageo
ievels is the reasoning for the qaste to )e termed "agng waste." Curren
only Tanks 101- and 102-AZ are use. as aging waste tanks.

or to August of 1952, heat from the radioactive decay was dissipated tc
the surroundina soil without boiling any of the tanks. In aodition to
conductive cooting, air cooled heat exchanqers were installed above ground
Dn the S tanks. Curing August of 1952, TanK 1I0-S reached boil ing
temperature and water was sprayed on the air condenser which provided
su'Ficient heat exchange capacity to contain the vapors. In 1953, Tank 107 -
-1i12d a a rate exceeding the capacity of the water sprayed air- condenser.

A wat'r jacKet was iis taIed on the air condenser to provide adi ti ona
b n oth cases of boiling, cLntamination was not fiound.

.n August of 1953, an auxiliary water cooled condenser was installed on
_,nks 104-S and 101-S to avert boilin. Without the auxiliary condenser,

the water jacketed air condenser was not sufficient to remove heat
oeneration. However, occasional increases in evaporation rates and

contamination in the condensate were discovered. The increasing evaporat-c
oa-es for these tanks were preceded by a mild eruption, which was introduc

a disturbance of the sludge layer, and in some cases no observed cauSSo
anuary of 1954, a different type of eruption was first observed in

121-S Tank. This type of eruption, called "bumping," took the form of a
series of five to twenty-five abrupt pressure surges at about 100-second
intervals. The initiation of this "bumping" was coincidental with the
attainment of above 240 OF at the bottom of the tank.
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From May, 1954 to February, 1955, REDOX wastes were routed to the
101-102-103-SX cascade through Tank 101-SX. In October of 1954, Tank 101-SX'
reached boiling. Non-uniform boiling as in the S farm was observed in
December, 1954. During December and January, the "normal" condensate flow
rate was 2 to 3 gal/min., falling to zero upon the addition of fresh waste
and rising abruptly to a peak rate of up to 8 gal/min. about six hours later
and subsiding to the "normal" rate during the next few hours.

In February of 1955, a series of five to twenty-five abrupt pressure surges
at intervals of about 30 seconds were observed in Tank 101-SX. Instantaneous
condensate flow rates up to eighteen times the "normal" condensate flow
rates were observed during these periods of bumping. These pressure surges
occurred about once per day when self-initiated, but could be initiated two
to three times daily by manually turning a specially built auger installed
in the tank. During a two month period of self evaporation with no additions
of waste, the intensity of pressure surges increased from about 20 to 50
inches of water, and the heat released per series increased from about 400,000
to 4,000,000 Btu as the liquid level was reduced by evaporation from 30 feet
to about 25 feet in the tank. After about six weeks of intermittent bumping,
the auger was motorized and operated continuously. No bumping occurred
during two and three-week intervals of auger operation, although bumping did
recur when the auger was not operated (Tomlinson, 1955).

The possible organic crust-type tank bump resulted in short-lived pressure
surges of 35 inches water gauge (WG) and an instantaneous boiling rate of
8.5 gallons per minute (Harmon, 1955). This particular example was of
Tank 101-SX which was possibly induced by agitating the crust with an auger.
The auger was implemented in the procedure and would be turned several times
a day to possibly prevent pressure build-up under the crust.

In June of 1955, Tank 104-SX was boiling but had produced no bump. In order
to keep the tank from bumping, an air lift circulator (ALC) was installed.
When the ALC was activated, the rate of condensate flow increased from 3 to
7 gal/min, returning to normal in about six hours. About 5.5 million Btu of
stored heat was removed and the temperature differential from top to bottom
of the tank fell from about 4 OF to 0 OF (Tomlinson, 1955). On July 14, 1955,
the ALC became inoperative in Tank 104-SX. When the ALC restarted, a bump
occurred, increasing the condensate flow from 0.3 gal/min to 17.2 gal/min
almost instantaneously. The temperature of the primary condenser cooling
water increased from 74 OF to 148 OF over a 20-minute period, the vapor
header pressure increased to 3 inches and the vent header pressure to 3.3
inches. The duration of the bump was about 70 minutes with heat evolution
of 4,700,000 Btu/hr (Hanson, 1955).

During August of 1958, a temperature increase in the 114-SX tank was observed
even with the four ALCs operating at 10 cfm each. On Friday, August 22, 1950.
the temperature in the tank solid was 357 OF thus, the air to the ALCs was
snut off and water was introduced at 15 ga/min through each ALC. Over the
weekend the tank bumoed three times and steam escaping through the risers
4a_- observed (Harmon. 1953).



Tne Tank 105-A bump occurred in January of 9-S (iiiset, 1966). This
particular tank bump was postulated to be caused by liquid being trapped
between the concrete floor and the carbon steel liner (3rownwell, 1953
The liquid was believed to have come from water entrapped in the concrete.
Curing startup of the tanks in the AX Tank Farm 4n 1965, several nundred
callons of water from the concrete were collected from TK-103-AX and
TK-104-AX. Then, the water vaporized and began to build pressure which
exceeded hydrostatic head of the liquid in the tank thus causing the liner
to lift (Beard, 1967).

.ccording to an internal memo (Bendixsen, 1989), Tank 101-AX bumped once
between 1968 and 1969. This information was discovered through a phone
conversation between R. B. Bendixsen and F. E. Boyd. Due to lack of finding
any contamination in the vicinity of the tank, the event was never recorded.
The sludge temperature at the time of the bump was estimated to be at 260 CF
and the initiating event for the bump was attributed to ALC shutdown and
restart.

Cn November 5, 1926, the air lift circulators for 101-AZ and 102-AZ tanks
were turned off for 15 hours and 25 minutes wYthout any tank burps Qff- 7c,
Condition/Event Report, 86-49). During this time, the average Jai
supernate temperature showed no significant change.

'.2 Conjectures on Tank Bumps

The past tank bumps are speculated to have occurred from one of thrae
methods. The first two of the three methods are believed to be improcable
to achieve in a current double-shell aging waste tanK. The methods are as
Follows:

A oossible organic crust orms over tne surFace of the liouid wni
results in h supernatant superneating and pressurizing, which rai]es
the local boiling point at the liquid surface, until the oressure
great encugn to cracK the crust. Upon cracking the superneated
supernatant deoressurizes and the supernatant boiling point returns to
normal, resulting in a rapid generation of vapor (Harmon, 1955).

) The most publicized tank bump was Tank 105-A which was attributed
to the evaPoration of water entrapped in concrete between the
me :a 1inr and concrete w.al and floor. Asug temperature

U ave to be sufficientiy high to produce a apor pressurA
exceeding the hydrostatic head of liquid in the tank thus causing
the liner to lift (Beard, 1967). This type of tank bump scenario
was known prior to the accident of Tank 135-A and the instability
oF single-shell tank bottoms is oest described in Brownwell. 19:7.
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A possible organic crust-type tank bump resulted in short-lived pressure
surges of 35 inches water gauge (WG) and an instantaneous boiling rate of
3.5 gallons per minute (Harmon, 1955). This particular example was of
Tank 101-SX which was induced by possibly agitating the organic crust with an

auger. The auger was implemented in the procedure and would be turned
several times a day to prevent a potential pressure build-up under the
organic crust.

In order to limit the amount of organics in the aging waste tanks, separable
organic compounds used in the PUREX process are recovered and not allowed to
be transferred to aging waste tank farms (RHO-MA-116). Furthermore, in
order to have the crust build up on the top of the supernate, the specific
gravity of the supernate has to exceed the specific gravity of the crust
material which is not probable in the current aging waste tanks. Therefore,
in the current aging waste tanks, a tank bump due to the pressure build up
under an organic crust is considered improbable.

The Tank 105-A bump occurred in January of 1965 (Smiset, 1965). This
particular tank bump was postulated to be caused by liquid being trapped
between the concrete floor and the carbon steel liner (Brownwell, 1953).
The liquid was believed to have come from a possible leak or water entrapped
in the concrete. The water vaporized and began to build pressure which
exceeded hydrostatic head of the liquid in the tank thus causing the liner
to lift (Beard, 1967).

For the current aging double-shell waste tanks, the annulus is ventilated to
provide gas removal up to 2,200 SCFM. This ventilation system will aid in
preventing pressure build up between the liners, thus eliminating tank bumps
such as the 105-A tank bump event.

The ALC-induced tank bump occurred in Tank 104-SX (Hanson, 1955). The tank
bump accident occurred on July 14, 1955 when the single ALC became
inoperative due to a failed air compressor gasket. The ALC was repaired and
resumed operation approximately 13 hours later. The restart of the ALC
generated a tank bump which increased the condensate flow from .8 gallons
per minute to 17.2 gallons per minute almost instantaneously. The
temperature of the primary condenser cooling water increased from 74 OF to
148 OF over a 20-minute period. The vapor header pressure increased from
3 inches WG to 3.3 inches WG. The duration of the tank bump was 70 minutes
with an estimated heat evolution of 4,7000,000 Btu/hr. The tank pressure
increase was not reported or the data was not available.



4.3 AGING WASTE TANK 3UMP SCENARIO CALCULATIONS

4.1 Methodology and Assumptions of Aging Waste Tank Bump Scenario
Calculations

The tank bump scenario calculation was developed to identify critical
operating parameters that would lead to a possible tank bump event. The
tank bump calculation was first developed to characterize a worst case aging
waste tank (Jones, 1987). Since the initial calculation, the same
Tethodology for calculating tank bumps has been applied to a number of
storage tanks wich a wide variation in heat and solids loading. The tank
bump calculation is broken down into four sections. The four sections wili
be discussed in detail including key assumptions:

1. An assessment of the available tank pathways for unfiltered release of
steam to the environment and system air flow balance involving the
ventilation system, tank inleakage and ALC air flows.

2. The heat transfer problem was analyzed to determine the total heat
stored in the settled solids as a function of time.

3. Heat released as the solids are resuspended and the resulting iolumes
of vapor generated were calculated.

4. Tank pressures and resulting flow rates through the ventilation systa'm
and the environmental pathway were calculated.

Tank Farm Process Engineering (TFPE) has determined the major physical
pathways available for vapor to escape during a tank pressurization in tha
AY and/or AZ tanK farms (Hanson, 1987). The pathways consist of three one-
inch breather holes located in the process pits and the tank sidefili
transfer lines which originate at the 152-AX diversion box. The flow throun
each pathway is characterized by the Blasius equation for compressible flow.
The ventilation system and ALC flows were characterized by the Darcy flow
equation for non-compressible flow. In this particular case the results
from the two ecuations do not vary significantly due to the relatively low
line-pressure differentials. The flow for the complete system was balancVd
by integrating the two flows for each pathway (Figure 1). The total vapor
flow in Figure 1 represents the addition of the ventilation and unfilternd
Flow rates. There are no key assumptions made in developing the fl4
characteristics of the tank since the calculation is derived from basic
fluid dynamics.
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The heat accumulation stared in the solids layer as a function of time wa
generated using the two-dimensional HEATING5 computer conduction code. TO
4aste is assumed to be from a worst case boiling waste tank which has a
maximum heat generation rate of 4 million Btu/hr and 20% solids by volume.
However, boiling waste conditions of this magnitude have not occurred since
the operation of AX tank farm in the 1960s and are not expected to occur as
long as N Reactor remains in cold standby (Mihalik, 1988). The key
assumptions for developing the heat accumulation in the solids layer are
described below.

1. Thermal stratification does not occur in the supernatant.

2. The thermal physical properties of the supernatant and sludge are
as follows:

Thermal Specific
Conductivity Heat Densit

Material (Btu/hr.ft.Fj Btu/lb.F) (b -

Concrete 0.54 .E 144
Hot Solids 1.00 0.20 103.0
Calm Solias 1.00 0.20 103.0
Soil ?.25 0.22 113.0
insulating Concrete 0.11 0.24 62.0
Sdpernatant 039 1.00 62.4
Ai 0.016 0.24 0.071

3. The HEATING5 inputs on boundary conditions are as follows:

A 70 F forced convection at ground level.

* A 55 OF isothermal boundary at a depth of 200 feet due to 0-
water table which runs at a constant 55 OF.

* A 70 OF adiabatic boundary at 50 feet radially. This simulate
a tank in the middle of a large array of tanks, all generatincg
the same amount of heat.

* The licuid-solids interface i; athe liquid boiling point an,]
remains constant.

The solids begin to heat when the ALCs are interruptea for times of up to
72 hours. After 72 hours the superheated solids are resuspended abruptly
over 8 hours (one shift) to initiate the tank bump event. The heat stored
in the solids is instantaneously transferred to the supernatant where it
oroduces vapor until the solids and liquid temperature equilibrate. Te ks:
issumptions ar2 descrite cn the next Dage.
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1. The solids settle instantaneously and no heat transfer takes place
during this time.

2. All the new settled solids are resuspended when the ALCs are
restarted. The ALCs are not expected to resuspend any more solids
than were suspended prior to the interruption in operation.

3. The solids are resuspended in a negative exponential fashion over
8 hours (one shift). The negative exponential was chosen solely
for its characteristic initial peak that quickly diminishes which

simulates past tank pressurization of this type of tank bump event.

4. Heat transfer during resuspension is assumed to be instantaneous.

5. ALCs will be down no longer than 72 hours.

The vapor is generated in a negative exponential curve by definition of the

solids resuspension and assuming the heat transfer between the resuspended
solids and supernatant is instantaneous (Figure 2). The vapor generation is

assumed large enough to overwhelm the ventilation system resulting in a tank

pressurization. The excess vapor is relieved from the tank by escaping
through the unfiltered pathways until the tank pressure is returned to below
atmospheric pressure. The maximum tank pressure is obtained by determining
at which point the maximum vapor flow rate occurs during the tank bump. The
maximum vapor flow rate is determined by integrating the negative exponential
curve as time approaches zero. By plotting the maximum vapor flow rate

point on the total vapor flow curve in Figure 1, the maximum tank pressure
can be obtained from the y-axis (as shown). The environmental release is

obtained by determining the average vapor flow rate during the time the tank
is pressurized. The average vapor flow rate is obtained by integrating the

negative exponential curve over the time the tank is pressurized (as shown
in Figure 2) and dividing by the time the tank is pressurized. By plotting
the average vapor flow rate point on the total vapor flow rate curve in
Figure 1, the average environmental flow rate can be obtained as shown in

Figure 1. The average flowrate is then multiplied by the time the tank is

pressurized to obtain the total volume of vapor released to the environment.

The released vapor volume is then multiplied by the measured aerosol partition

factor (Ruecker, 1987) to obtain the total amount of liquid waste released

to the environment. The key assumptions in this calculation are listed below:

1. The negative exponential curve describes the vapor generation rate.

2. The heat transfer between the resuspended solids and the supernatant
occurs instantaneously.

3. The vapor removed by the ventilation system is completely contained
(no release to the environment).

The aerosol oartition factor is 10-.

1~
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4.2 Methods of Heat Transfer Problem Analysis

The current tank bump calculation assumed that the solids would superheat
upon settling and the heat would be released when the solids are resuspended.
The worst case aging waste tank is assumed to be Tank 102-AZ assuming
N Reactor does not restart (Mihalik, 1988). The tank bump scenario for
Tank 102-AZ was modelled by WHC personnel using the HEATING5 heat transfer

computer code (Jones, 1988) and confirmed by Pacific Northwest Laboratories
(PNL) personnel who calculated the solids temperatures by utilizing a
one-dimensional heat transfer analysis derived from Fouriers second law of
heat conduction (Kuhn, 1988).

4.2.1 Two-Dimensional HEATING5 Computer Conduction Code

HEATING5 is a generalized heat conduction code designed to solve steady-state

and/or transient heat conduction problems in one- two- or three-dimensional
Cartesian or cylindrical coordinates. The thermal conductivity, density and

specific heat may be both spatially and temperature dependent. The thermal

conductivity can be anisotropic. Materials may undergo a change of phase.

Heat generation rates may be dependent on time, temperature and position and

boundary temperatures may be time dependent. The boundary conditions, which
may be surface-to-surface or surface-to-boundary, may be fixed temperatures

or any combination of a prescribed heat flux, forced convection, natural
convection and radiation. The boundary condition parameters may be time-

and/or temperature-dependent.

The point successive over-relaxation iterative method and a modification of

"Aitken2 extrapolation process" are used to solve the finite differential
equations which approximate the partial differential equations for a steady

state problem. The transient problem may be solved using any one of several

finite differential schemes. These include an implicit technique which can

range from Crank-Nicolson to the Classical Explicit Procedure, an explicit
method which is stable for a time step of any size, and Classical Implicit
Procedure, which involves the first forward time differential. The solution
of the system of equations arising from the implicit technique is

accomplished by the point successive over-relaxation iteration, and includes
procedures to estimate the optimum acceleration parameter. The time step

size for implicit transient calculations may be varied as a function of the

maximum temperature change at a node. Transient problems involving materials

with change-of-phase capabilities cannot be solved using the implicit
technique with this version of HEATING5.

4.2.2 One-Dimensional Heat Transfer Analysis Derived From Fouriers Second

Law of Heat Conduction

The two-dimensional HEATING5 computer conduction code solids and supernatant
tmperature predictions were verified by PNL's staff, using a one-dimensiona
,eat transfer analysis method derived from Fouriers second law of heat
conduction. Fouriers second law of heat conduction can te model led for
one-, two-, or three-dimensional heat transFer problems. The one-dimensiona
analvsis was chosen because the ratio of height of solids to tank diametar

'-7
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is small (0.04) which allows tie assumption of I ittle or no Keat t ransfer
occurring in the radial direction. The one-dimensional heat transfer
assumotion simolified the calculations considerably. The assumtion oF no
heat transfer in the radial direction was supported by the HEATING resul t..

Fouriers second law of heat conduction is a differential heat transfer
equation which can be applied to this particular problem by correctly
choosing the appropriate boundary conditions. The boundary conditions are
chosen in this case to configure the problem to an existing solved derivation
of Fouriers second law available in literature (Carslaw, 1959). The solved
problem is in the form of an infinite series which is solved cr heat
conducted to the supernatant as a function of time. The solution to the
infinite series and temperature calculations can be found in Kuhn, 1983.

4.2.3 Comparison of Results

The results of the two heat transfer calculation methodologies were compared
by analyzing the midplane solids temperature data for similar aging waste
tank conditions. The conditions of the heat transfer problem used for
comparison are described as follows:

* The settled solids volume is 36 inches at the bottom of the tank.

* The total heat generation rate is 690,000 Btu/hr with 610,0C Sto
generated by the solids.

The density, heat capacity and thermal conductivity of the solids
are 103 lb/ft 3 , 0.3 Btu/ib 0 F and 1.0 Btu/hr.ft.OF, respectively.

The density, heat canacity and thermal conductivity of the
supernatant are 62.4 lb/ft 3 , 1.0 Stu/lbOF and 0.3 Stu/r.ft.0,
respectively.

There are two differences in the assumptions of the heat transfer methods.
First, the two-dimensional HEATING5 computer conduction code includes heat
transfer in the radial direction and the one-dimensional analysis neglects
heat transfer in the radial direction. Second, the HEATING3 conduction code
assumes that turbulent convection exists in the supernatant and any heat
transferred to the supernatant is evenly distributed throughout the liquid
layer or removed through evaporation. The one-dimensional method allows the
supernatant to thermally stratify. The two differences would lead you to
expect the HEATING5 results to be lower in temperature since both assumptions
improve the heat removal from the solids layer.

Mhe diFierence in assumptions between the two heat transfer analyses were
OsIgnificant. The HEATING3 cmomuter conduction come resq is showed that a-
naignificant amount of heat transfer took place 'n zne 007il direction

i15 h solids layer. 7h N vauation derarrm Waz 1: y21:
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of the total heat can be stored in the supernatant as opposed to 38% in the
solids. The results are listed below for a 300-hour heat-up time. The
results are listed as differentials, therefore, to obtain the midplane solid:
temperature. The initial solids temperature is added to the results.

TIME (HRS)

0
50

100
150
200
250
300

ONE-DIMENSIONAL (OF)

0
52
74
86
96

104
111

HEATING5 (OF)

0
51
72
84
95

104
112

The results indicate that the HEATING5 computer code did in fact predict the

midplane solids temperature 1 to 2% below the one-dimensional analysis but
this percent difference is well within acceptable limits.



WHC-SD&M-TI-406 Rev. .

3.0 UNRESOLVED ASSUMPT:ONS AND RECCMMENDATIONS

5.1 Liquid Temperature Stratification

Past tank bumps where ALCs are believed to be the initiating event have been
postulated to occur from the supernatant being thermally stratified. Because
of the increased hydrostatic pressure at the tank bottom, the supernatant
temperatures can locally increase above the boiling temperature existing at
the top of the supernatant. The stratified supernatant could "roll over"
carrying the superheated supernatant to the surface where the temoerature of
the supernatant is above the local boiling point and the supernatant flashes
to vapor. This theory has been disputed since the conditions in the tanks
do not support liquid thermal stratification. The HEATING5 computer
conduction code work performed by WHC staff assumes that turbulent convectir
exists that results in even heating of the supernatant layer. The review of
this assumption is addressed in the PNL final report (Kuhn, 1983) which is
summarized below.

The tendency for natural convection to occur depends on the length scale of
t0e system. The outoreak and intensity of natural convection depends on tie
1rashof Number. Correlations for steady-state laminar natural convection
occurring from horizontal _surfaces have been developed for Grashof Numbers
in the rance of 10d to 10' . PNL 'sataff calculated the Grashof Number for a
full tank to be on the order of 10 1. This result is five orders of
magnitude above the range for which laminar natural convection is expected
at a horizontal surface. Therefore, even for the assumed 1 OF temperature
difference, initially thermal stratified tank contents would lapse into
tjrbulent natural convection. Moreover, since the ALCs would cause the tank
contents to be in motion initially, the large Grashof Number suggests that
the contents would never become stratified. However, in June of 1955,
Tank 104-SX had a temperature differential from top to bottom in the tank V"
approximately 4 OF. This can be explained by the fact that the boundary
layar between the sludge and the supernate could have higher temoerature
than the bulk supernate temperature.

Although detailed arguments against supernatant thermal stratification have
been oresented, PNL's staff investigated the effects on the tank bump
calculation as if thermal stratification was present. The results from the
tamperature calculations suggest that 2% to 23% of the heat stored could be
stored in a thermally stratified supernatant, depending on the thermal and
physical properties of the solids. This amount was considered insignificant
as compared to the 88% of the heat stored in the solids layer.

It is recommended that if further work is needed on tank bumps or analyzing
or the heat transfer problem as described in the tank bump scenario, an
ixperiment should be developed to determine if the Grashof Number adequatni
nlines aging waste s.aernatnt in a double-shelY tank and if conditions Qan
isa nria~ed to ti yma! 2 trat! t he uo 2 rnanan.

:0
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5.2 Heat Transfer During Solids Settling

The current tank bump scenario assumes that once the ALC operation is
disrupted, the solids settle instantaneously and begin to store heat. Past
aging waste samples and theoretical analysis have indicated that suspended
aging waste solids are primarily flocculent in nature and may take several
hundreds of hours for settling to occur (Peterson, 1989). During the
settling period only the fraction of solids that is settled will undergo
heat storage. The fraction of solids suspended will give heat to the
supernatant which is used to increase the supernatant temperature or will be
removed from the tank completely if the supernatant is already at its boiling
point. The ALC downtime required to achieve a tank bump potential is
prolonged when the solids settling heat transfer is incorporated into the
tank bump prediction calculation. When the supernatant is not at its boiling
point, the fraction of heat generation from the suspended solids is not
removed from the system due to its being used to raise the supernatant
temperature. The results of this type of calculation would be identical to
the calculations done assuming instantaneous solids settling since no
additional heat is removed from the tank.

PNL has developed a theoretical method for evaluating the heat transfer
during solids settling. The method assumes the following:

* The suspended solids are of uniform concentration throughout the
supernatant ranging in size from 1 to 100 microns.

* The solids settling is described by multi-sized particle
sedimentation equation developed by Selim et al. utilizing a simple
successive substitution rather than the Newton-Raphson method.

* The heatload in the solids is distributed equally.

* The settled solids store heat and the suspended solids heat is
transferred into the supernatant.

This method was used to analyze the solids settling and resultant heat
transfer for the worst case aging waste tank conditions projected to be
present in Tank 102-AZ (Kuhn, 1988). The results indicated that the particle
slip velocities are on the order of 0.01 ft/sec. A particle falling at
0.01 ft/sec. would need 300 hours to fall 30 feet from the top of the slurry
to the bottom of the tank. Because of the size distribution and the initial
proximity of some particles to the bottom of the slurry, about 50% of the
solids are settled after 10 hours and 90% solids settling occurs at 160 hours.
The complete calculation is given in Kuhn, 1988.

It is recommended that the solids settling heat transfer analysis be taken
in consideration when further tank bump potential calculations are performed.
This will eliminate the conservatism and give a more realistic answer. A
laboratory analysis of aging waste solids settling and heat transfer should
:e considered to veri ff the Theoretical method developed by PNL.
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1.3 H--eat T ^an---fer During Solids Resuspension

The current tank bump scenario assumes that the solids resuspend in a
negative exoonencial fashion over an 3-hour period and the heat transfer
occurs instantly upon solids resuspension. The negative exponential
resuspension characteristic was chosen for its abrupt high tank
oressurization that quickly diminishes in a relatively short amount of time.
The assumption of a negative exponential suspension over eight hours is
considered conservative although the conservatism can not be quantified.

.- is recommended that if further work is performed on the tank bump
prediction calculation, a laboratory experiment be developed to analyze the
resuspension characteristics of ALCs and any other agitating equipment which
may be present in an aging waste receiver tank. This information can be
used to verify the current tank bump calculation as well as give a more
quantifiable answer.

Al1 tne documented tank bumps occurred prior to 1969. Since then the tank
conrditiOnsf have changed due to the modifications in the operation
specifications (Table 2). The current aging waste tanKs are not as hot as
the aging waste tanks of the past. The supernate temoeratures of the curren-
aging tanks are around 140 oF, well below the estimated boiling point of
220 GF.

In order to resolve the unreso'ved assumptions above, it is recommended that
feasibility of safe process testing be carefully studied. In the light of
the off-normal event in November of 1335 (Off-Normal Condition/Event Report,

';-4), the process test can be safejy per ormed for 15 hours and 25 minut.s
and probably ionger.

TABLE 2 Comparison of Past and Present Aging Waste Tank Operating Limits

Operating Past Observed Present Coerating
Parameter %!ax 'M L necifications

Sodium Molarity 9.5 Molar 5 & 5.5 Molar

rjel Ace 50 days 130 days

i T %mr : e-.' -

~~~ -,4 rJ ;< r ri
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6.0 CONCLUSIONS

The aging waste tank bump scenario calculation was developed in support of
the aging waste SAR and its objective was to identify the critical ALC
downtime that could possibly initiate a tank bump event. The methodology

for evaluating an aging waste tank bump was developed and applied to the
projected worst case aging waste tank condition (Jones, 1987). The

assumptions in the tank bump calculation are considered very conservative
although the conservatism is not quantifiable. To obtain a more realistic
answer and to quantify the conservatism in the results, extensive
experimentation would be required to evaluate the aging waste thermal and

physical behavior. These experiments have yet to be initiated and there is
no longer a need due to the worst case aging waste tank conditions being

reduced in light of the N Reactor shutdown (Mihalik, 1988).

The revised worst case aging waste tank bump was evaluated using the
identical tank bump scenario methodology (Jones, 1988) and was verified by
PNL (Kuhn, 1988). The results showed a tank bump potential did not exist
until 320 hours of ALC downtime. The conservatism in the tank bump
calculation results are still unqualifiable due to the fact that there was a

possible temperature stratification in Tank 104-SX (possibly due to high
boundary layer temperature). No further work on refining the tank bump

calculations or assumptions is recommended unless the aging waste tank
conditions are projected to exceed the current worst case tank. Also, a

safe process test to evaluate waste temperature behavior without ALC

operation should be considered.
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February 3, 1965

EETING MINUTES - , Wa Adar claA, J _S /'

"T UMPIG" OF TK 2"1l-A-105

A meeting was held among representatives of Purex Operation, Research &

Engineering and Facilities Engineering to discuss the "bump" that occurred
in A Farm. The "bump" was unusualbecause of its severity and because it e
is the first time a "bum"1 occurred with the air lift circulators apparently,,,

in operation. Those attending the meeting were: u /

J M 4- Tt LP %T MInch C
Se ard,

Blackburn
Clement
Cunningham

. . =C
4. H. Koontz
J'. H. :a-his

J. J. Shefcik
0. V. Smiset

At 2:50 P on January 28, 1965, a severe "buzp" occurred in Tk-241-A-105.
Four Furex 2peration personnel were in the immediate vicinity of 105-A at

the time. They noticed a decided shaking of the ground and steam emission

out of the A Farm tanks. An S-inch nozzle on Tank 103-A contains a light

bar used for internal tank inspection and was covered with a 16-inch scuare

lead sheet 1/10 inch thick. The lead sheet was blown off the riser. The

steaming on the 105-A Tank lasted about i hour before subsiding to a point
where the ventLilation system could handle it. At the same time, Jones

e-inor Construction forces were preparing to make the final weld in a line
to tie 105-A to the 151-AX diverter station. The line was observed to

shake and liquid spilled out on to the ground. Radiation reading of 400 R

at one foot was observed. One Purex Operation radiation monitor was
slightly contaminated.

During the subsequent inspecoion of A Farm, the electrode tape in 105-A
was found to be broken and the weight factor enclosure for 105-A was con-

taminated to 500 R/hr. The water levels in the seal pots were found to be

normal with the exception of the 103-A overflow. This was blown sounding
the alarm in the control room. No wastes were added to 105-A from Purex

that day with the only addition being tank farm condensate. A sample of

condensate taken the following day from the 417 tank had a radiation level

of 8,000 counts per minute vice a normal reading of 200 counts per minute.

The air to the circulators was on and at the recommended flows of 8 cfm.
This is the first "bump" known to occur with the air lift circulators in

operation.

Prior to the "bump" the electrode reading indicated a level of 317 inches

in 105-A. A new electrode installed on January 29 indicated a level of

303 inches. This latter level was confirmed by a radiation profile reading.

The radiation probe for the leak detection laterals gave indications of

mal'unction orior to the 28th and was undergoing repair at the time of the

"buum". Readings taken on February 2 indicated no abnormal radiation levels.

.easurements to check the oceration cf the circulzoors were made on the

evening of January 29. The ciroulaors are equipped with dip tubes to

measure one 'ressure differential between its inside and outside.

27
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A '-:: of 3 to Ln s would in ate norna. ozeration out a 20 .nch -
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Th7e valves on. -,,e 7v: reci cm Uz's in -A -were- oe. Tec
ana -- e sta --J :reszure on -ne :-rcu-a- ues were masurea -. :n
a ,anoneter. aeanrz -'f us were obtained onr on one circulator arad

These results indicated normal operation. The static pressures measuret
on the other circulators indicated air leaks, improper connection or

ia pluzare. -ere, no conclusions concernang circulator ooeration
could be reached. 2n o.o circulators, the 'Cack pressure of The motive anr

waz meas-- an- :o :c e

.rmoco aes were nser: ad anto e :-ancn zz-r we__ and Into -ne :nermo-
we contanrin ne bulb 2or The -ial thermoeter. .o0i hermocou e s

normal t-h tee-ue r crer "or -
-- emcccu-c' -s '-as 'Ceen of: c:er':ce _cor more than a Mon.h await'in.7 re'_=c

."o een ren14 a tortablei
cut. t-e -nerat-ureS n ot re 3uszect. _:= a-arsof less tna c~

oe' a ?..{,.r - C

A -a r s e -s _e4 c eum

z:: ac" .,e e3e: o' 'e m e

?othe naanon zn-5Aito3r;c and do wh;at.ever i s

necessary -.o c'ace the zontoac: on ns onauo snd r.

*~ -t 4 rcl- ia - bes on cco.acr no ceration-I'

0i

- 1~

: rocs- ree rs- ~o~' ' - 3Aoeor

fa ' -c res aon er -rsn e o J r f r - Z z

C. raa-o :ro ce toce use: for an ~~ ud l el

.- ~ ~ the cost -:fa new n.m= n:

nes t aa d determne the best way to s em enc recrcu-
.:: o _ :(Ss U_

-- -z -

- - ,-,--.~t.- - ..-- - --- -,
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The above enuzeration dces not necessarily represen-. .- e Orer of ri
or order of work. Pu'rex Oeration assumed responsibii -y for items 1, 2,
3, 5, 3 -r-d 9. Faciities Engineering asszued responsioility for 4tes 4,
: and 7. esearch & Engineering will provide assistance when possibl-e.

In addition to the above items the following two problems were discussed
and agreement reached that engineering attention should be directed to:

1. Providing an air sanpling system so that stack air could be reliably
sazmpled.

2. Proviain an emergency back-up on. the vent system since both :ans
are running and both could conceiv-ablv fail at the s&e time.

The next meetin; .ill be scheduled when some :eaningful data has :een
acumulated.

X. UI. >.iset, 1anager
.ission Products ?rocessin;

Puarex Cperation

Ji3:da

og
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?13s

:Ash 2, 1955

L. ?. 3eta
Plat Serwses hnit
202.-; 200 Yest kea

Operation of the 4g9r-typ* agitatr £3 thO 111 tnk an

7Yer.ary 17, 1955 reinltid LA a short-lived pre~sri -Arge

measured at 35" H2 0 with an instantneous boiling rate of

8.5 gal/min.

In V o of +iis r*tion, ve have be" asked to op e rate the

22ggr QnCe each shift b7 giving it 25 turm. This XA7 .lii-

=to biming or at 1eeBt ,provide sme measuru of control over

the sverity of surges. R*uUlts fra OperatA0n of the mgr

should be oboermed for approximat41 y ten mi tas and, if posi-

tive evidence is seen to indiato iner-sased activity, oPIraticc

of the agitator should be reed =til the tank ;"eue re-

-. rns to zero gaugO.

The time of auger operation should be recorded on t-e snden-

sate flow recorder ehart.

if the above re*cea ndation mots with your WPvOl, vill

you pleaso put it into Off at am son as possible.

0. F. Bw"ulieu

CrBtag Redox Process MngInSaring

cI MI armmn
!Attrbook
File (2)

3i
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:t. 1. Ea-mon

YvtOr 4A.~AQNo oZCCUs4CZ.

40. 7d ofcr to rma a ta =.

RA1AT7CM cCC

como-t_-rx ae:c:;aRtTicy4:

Zuxlng the week of Augwit 18, tem=Gratar3 la th3 1.14-I tank grdallY .ree

la Zpit _.. n;C tiact that 0=e air !ifti .rer-3 o'e-rnting at lecui fee. 23c!:

fa lrida7, An.;.t 2", ?edox Tec!=Oloc i-astricted t 'Zd&L* to aist off the aiz

and rm 2 abi faet ;e: ifM o a t-:-ow each of the air iit. T rtuie
iz the la.4-. ta at ta tiw .a: .1 7

Oer the :ek the 114.= ta.& : twi tL<z. Fionel e nede L'e
a-4 " t gh te si::- ir'a to 3 c bc -. per 4-ita and 7nl7ed the codensate

trto rerl to 1!. Ca A 9t 25, srtlj .Lfter 9:00 a.=,) I.L-M ta b=ped
a=! =res t0 I-"of f ar. Ste-= Vaa 3 er d to 33czpe &rZm th2

-riar o all *a t.a k3 -4- thja :ait . 2Co j2 the :i..rC .. tSe ";

.u- ;it war =t sea, A gr ,as Ltaaid La the va" zzer and a ot e

___u~aa lam nrsr aa Tehec a CC.nt4CtCd ~ccr'in tes h±g
cr3su3 and the deci.ion "aa mad to 2ea7 the cad t zefaxn to the 1iL-

tank ai tr the az bacc ca the az lita tt 10 c-,i:: fret ;7r n-ta. The buP5s

4= the orcd tank Varc. c: va ZU-. of t 113-3= 7Jp :,it. Cozt&~.-
ao wa s e;.s.ted .n the r-nd ar-uid tha !ZJ=Sl tark and 'a3 zarad outaide

;h -.7k y D t 'a tLtr:om of kaguat l. ini

t'-- tre a amcoe ab:cut 11,: 3 _;cLLrq 1,3o azi: shzved a me-lvlof .4 ra/

r. aea cf ihcut 2 a= s aaz.. of tla2- t an = za -

tO n'/, vith spota to 10S md, iiq d a 2Q foot trstch cA
vCirden lvexa.

aAtaS ESL

It Is eM vod that +;,=-4 -- OIA_ t ai to the ai.- L-ain11 I.ank -=uld hv

redcedc~icultio isthe tan and casad th-e tana t~o 'zup.

I:MEN4OIATI ACTION TAKEN SY R.AIATION MO)t rORINGI

CT Cth Caden A7anle vaa roped of azd pcstd as a raditi.n ze.

7:7:: :) E "4 M M.O
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23$

0. F. 2oaulieu, Unit Head
Pedox Process Engineering

2L1.- zx ?0 ru1 c::

it @ 2200 on 7-14-55 the air lift bcama inoperati±e because of a failed
gaaket in the air ccressor. The air compressor vas repeired on 7-15-55
and operation of the air lift resumed at 6 1050 7-15-55. When the air lift
'as st.arted, a 'bump" occurred which increased the condersate flow from
0.3 gal/min to 17.2 gal/:in almost instsant anously. The tof.:tre ci the
p7iary condenser coclizng water inersased frcz 74c. to 14Z47 over a 20
=inut. period; the vapor zeader presatre increased to 3 inches a.d the vent
header pressure to 3.3 inches. The duraticz of the 2htup" vas C 70 minutes
with heat evol.icn of 4,700,000 Btu/hr.

it C 15CO on 7-16-55 the air valve -o the air lift vibrated shut. The air
was turned back on at 4 1330 on 7-17-55 and a "bump" cccurred, (the air
had heen off f. 1 Lr;. wkici Lncreaced the cfr.isate Slow frcm 0.5 Cal/min
to -2.0 ga/=iAn. CLe "cu. later the cc.densato 1.Ow, wich had fall.2erB to
3.6 gal/:ain agiain rose rap:idly to S.0 gal/min and leveled off at 5 gal/min for
3 hours; theraf,;ar the codensale l.ow retUrned to tormal. Zeat evolution
during ti3 butp vas at 3,000,C00 't/hr. e air fl'oW to the a.ir lift Vus
decreased from 13.15 C?. to 6-a CYI cn ;-15-55 '"n an attempt to decrease
the aerosul prcLle-.

It i apParur.t that "t:ping cjn c;:ur
is in.erruptea. Zvery effort uli be
of te air lift.

wten air circulatioci of the 10/.eSX
mana tc insure r';nintorrupt-ed operatic

0. L. Sanson
Process Engineer

GIha a

Boston
Feskett
Harmcn vk e
Jes"Zon
Hans=s-7l

cc:

July 21, 1955

jo'. e
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LtANT OPERATIONS OFF-NORMAL CONDrTlON. EVENT REORT

73n ca 
7 me

-30ort Nre

k rvrnaFamvureicr 

* 

rn

-.-' ors
r o- -kj7Lnd 

ns
S.2f - .ae-- n -c.

or Airiv Cir uaOr nrerat: on

1. DESCRIPTION OF APPARENT CAUSE

7-- PRor-EDUREOTE
DESIGN _ MATERIAL i PERSONNEL

C4 eru- ators were turned tO nero a
- a Do9'- hours thc a irliftat

On ;,.ovember 55 x1us_ Cnd c'n-
rou-t'.ne on)eraD: :st on the AQC Z cacr

n.-6 ice nit Unon com fn no 5n Or
r)n~ eh r---- c - c --_ ri rd h i n a rm rin c 'o rcs r - e

oortable backuo exhauster, roblems were oncoun rodnhl ht ait re u ate
cmtn o r orbc-,+rili -

ventilation svstem. .4i- t o r t air C C s to

inadvertantly allowed to exceed the fifteon hour maxmum down t i mit, aecic n the

neratinq Soeci'icat4on Document ( -SD- 7-71 7- q o rio 'cmour 9, 2t, a u ntn

circulators were turned back on as so

-ecovery oan.

Sstrbution

U.

A.

N.

2.

M.

Alaconis
Bartholomew
Beers
Berg
Bcvd
Bowers
Dickman
Duke ow
:1eIman
Hayward
Hevl anc
Jasen
Kerei ic k
Koel 1 e Tei er

U. W.

U. :l.

. r.

Lindsey

Msnko
Roecker
Sudmann
swi Ft

ros
Weaver
Womack

2. OPERATNG CONDITIONS OF THE FACILITY AT TIME OF EVENT!SITUATION

n ona asitn esn cu 0n ac

2. Flushinti and alternatin surface condnsors-

U.
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1. IMMEDiATE EVALUATION, CORRECTIVE ACTION TAKEN AND RESULTS

1. ini tiated recovery ol an ner 0SR requi rements.

2. Anorooriate nersonnel were immediately notified.

3. Airlift circulators were turned back on at 003D hours.

4. RECOMMENDATIONS AND CORRECTIVE ACTION TAKEN

All Tank Farm Processing Ooerations Manaaers will review and document Airlift Circulator

neration (0SD-T-l5l-D~0l7) by 11/12/86. (Action F. E. Boyd)

2. Procedural chances will be made on all anolicable standard oneratinn nrocedures

i dentifvino the fifteen hour airlift circulator maximum downtime limit. (Action

T. G. Hanson, ECD: 11/10/86)

rff-Normal to be reviewed by all Tan!- Farm Processino Onerations nersonnel and

documented by 11/14/86. (Action P. Hinojosa)

is Furtner Evaluation Necessary? I -Yes, By Whom Wnen

Yes 4No

Penanent Crrective Action To Be IName 
Date

molemented By: , I P Ino a1
IOriginatea By ZtTitle 

Date

. P. unam e-- Shift Mananer. A-Shi --

Revieweo By Tie Date/

F. E. Boyd 
T FPO

W. H. Trott 4lant 11anaaer, TFSA/

T. 3. Hanson 7nnineer, WVPE

. .Dunford ananer, WMP-

e - - - an...,..a.s...c .s..
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APPENDIX 3: PAST AGING 'AASTE TANK OPERAT:CN DCCUMENTAT~.N
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0. H. Pi2<ke-- IDecemler 2, IC:

- . thM asZ=_pCions anta r the amnlfcatiof
ore than one scase-uP factor to the -a of the surge : -s -o ,

e i-creased rate of heat release lbe iinceased freenc, S - ner
than magnitude of the surges.

t s areed to consider propcsed solutions to the pro'lem. Two -'te tieSWere discussed, the first, to increase the size of the vaPor manifold and nc:-MZ2 ' thrughout, and the second, to reouire ooe-aio of the fa in 5c, nasto 2 -1 a - - cu -_14- '! of -, n n su h m nas.t.. e the heat load aon three tanks, until further data or. surges inlOl-aX tank become available. B. D. Wilson stated that the second cou-se i un-
acceptable to Ha.nuacturing.

Thus it is proposed, with the ;Isse'-_-_,..e-a o"s "'ro'o_ SCctio. torevnse the desgn scope given you for the vaor manifo'd I h- ma . - l-n,be 2.,' p-e throughout including the entries to all tanks and all valing. It isrecoc-.zed that tlis ch~ane will en-al a delay of about three weeks in the des
schedule because of -e stutes for -il-ch =st be made. Ma-- actur---
De::. has azreed to accept this dela. - te project shendle, with a beneficialuse ae of June 7, instead of May 15 as presently scheduled.

t was recoCnized that the exiszin bank of six condensers is inadec--:te f.rsur es in the mawasrher reco zed t th -oseacdi-tion o: an identical bank mizht sti'l be insuicn .-- ~- er th vo",-nrer to aSoid anypossi2.t of a pressure buld-up in the system sufficient to nunture a tank,?rocess :n.%neerin -ecocended oro-ision of a safet- water seal.- This reco-_end-tion was accepted. The proposal of Design e .rtat the s-n- be de zned
as a unit for installation on tar 1C6 in place of the air condenser, wss adopted.

Proposals for increased condenser canacity were discussed. The fol-W-n- aCtSWere adduce- d suport- of a waiting neriod before a decisicn to install addftiorl'condensers:

- The possib-.lty, however remcte, of a catastrophic_ :a*ur of
2L1-SX tank has been averted by the protision of the larger manmi-fold and the safety seal. (Wastes to be stored in tanks 101-1
cncius:7e are cons.d ia- less enersetic than those scheduled
for 107-11, so no danger is anticifared from these tarks.)

2. Data :resentl available are iruficien: to sez;e as a basisfr rational design of condenser cataCit7.

3. Adad condenser c= acity cannon be provided in time tc recei;-etne fis.- su-rges anti.cipated from 241-S-l01,

4. The only data presently av-1'ble are from 2A,-S-1 havin. as..eam emission rate of about 1CCC lb/hr. Tank 2- -10 i
be-lered to have a stea e-_ssion rate abc- three times as
£ret.. Comarison of ufom these tanks should

to e a as to whe-her s7ez 4 be 7arr
magnitude or =r-e I::n are=ZeZ -
..ase.
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o :ane, o ec-n ct h eazhed the c ndenser c k

at, the ratea of ab ZtCC C /a~*T the I,- tatk-
t7--ear3 tO S n effective de-7±ertdvce. Scme

. er ae- trai ent b7 te t r Sea a e a ,ti-ip te .
t toerefore appears that o a OlOwin past the wate sea

F cu- ed rea so ns co ey l, l o n y s i
?or these reasons, the sens-us of the g-o was to postpone action on the

added condensers ar to re'uest Separations Tezhno and Mar ctri to Obta-i-
oata from the initial sur-es in tan-k 1C6 in accordance with the oin rraz.

Recoris of t-- Z- s a=re z_- -- e obta- -ned for t.e

tic of the -:r :_.:r' er:o.

oorafl z* of" - tee
hc-one- oor SSWcf-'

t o: -

-. eon c-cer on -he z

w22 ozt~ z~t a rh o4' s'c=z
-5obser7-ez.

am in~ e- ynat t7 a -ar e en: decision, sue'- c e neern ame-e,
.esizn Sectiom has decid-ed to retorehi the ie ia a d 1on of a b a of cn..-

ae eZz. This decision has the concurence of the Mi resentati e
at the meetin, b'u- no--tat of tne ?rcess Enginee ,, or 3en rations

>oLoy :pres'ntatiees. :t so be e-C " oncu-rence of
e perns listed S Col l on zne t;ns ahnd :ethod of work or econ I- nose. n our oinSan, a.-anta -e a nuAl e t' lZ o m 0 of o 0

for del.-7 to accumulat fzreherciata. 2 t ... e.d. - - ,'az Ch -,e C -ad

i mioral condensers, they cou d be inst- led cickl by i zr t A
ela7 of no more than one 4ont in copleti on date is i=nl--e.

37 a manaenent ecic n n P-oject Section, this reo mn-Saton ts acce
:o are the-efore recnested to :rz eec to :nclioe tne cns t ensers in-

snal'ation in the bid package s-Tsantial'- as 70 -f ha-e it desi ned. ?lease
zont~'e to se Zreate this pcrtion of the bid tacks- 2 -- M osn
tne vanor nns c systenj. hnTew of tc fact ,c e cosaibie to

co te e :ond-enzer 'tefo.e a----- are ozserved,

for.

A tro-ect nrcncs.. re-:sZin rr--rce

. -
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;ton of uranium in the Ord .pj-7eS releases !arge cuantties of
la ost of this enervr is removed iediately as heat in the-pile r, ~

4 , a small fraction of the total energy of fission is released at an
ng rate for hundreds of years. This slow energy release is in the

nd gamma emissions from the decay of fission products, and ultimately
Wat as the beta and gamma emissions are absorbea .n the mass contain-

S rAstrrounding the fission products.

he separatiOn trocesses ii a .fissimn -du a-

_cm the products uranium and plutonium and are stored as a chemical

-tC -for which there is no immediate use. Until recently, the processing rates

1tjons were such that the stored wastes could dissiate the heat from
t decay to the g-ound without attaining a ter:erature enougn o

boll The waste solut.ons. Recently, however, technological ad-ances have been
;ermit the attainment of higher levels of Uaium irradiation

wes. h er processing rates in the pile and searations facilities, and reduced

VctLu~f It chemical waste rer unit of uranium orocessed. Thes '-qnc es zr-duca a
qvAr ym- of heat evolution -er unit of chemical waste volure and, in Auzusm of

cguzed some stored waste sc.Luion to boil for a few weeks. S bsecuent to

-k, cther stored wastes have boiled, croducing condensate at average rates
+ gL./mi=. It is currently redfcted that an increasing nercentaxe of the

qrS! kaoes will boil at still hioher rates, poenmially reaching LO gal./min.
rates (the ecuivalent of uz to 10% volume reduction 'er day) from

1r~cViU=tL tanks in the next two years.

heA economic incenti7e Of reducing the Volume of the stored wastes through
5if ea ation is recognized, and the more recent tank farms were desizned to

a%? nj-.u4 potential. The 0henomenon of m__on-allon..a. . radioacti7e
.. 1 sl.ly boiling from its own neat, however, is new in practice and little

rC-c. exterience in this field exists umron which oneratinm clans may be based.
a-maximum assurance that zresent and planned waste storage practices

d COv4tOns are safe, a cooperative study was undertaken by the Engineerig and
C Departments. These studies were conducted by T. F. Smith and M. W. Cocok

Cs y 3chon) and R. E. Tomlinson (Serarations Technology Section) of the Eng -
Ce cAtment, and 0. F. Beaulieu and C. R. Anderson representing the Bedox

dx -Sections of the Manufacturing Department, respectively. This docu-
& pre-:sents the results of these studies; it aorraises current waste storaze

r-ceG 'cm engineering and operating viewoints, evaluates the recognized
7z 3h:a presents an operating olan whioh realizes maximum economy consistent

vtQA S+-Z C raticnal conditions.

6&~4A CGCLUS :cns

- nology and procedures involved in the storage of self-heating acueous
I'J..v~~ coaning "TV " fission troduots was antraised and found to be sound.

C tr-iting restriomions described here, -ermitming the waste soluticns
S -concentrate is a safe =rccedure and cffers eccncmic ad-antages
' 2-nown method of wacte dismsal. Th~e - .once-t-amion of wastes

_n7 razed o a iitde-rt, n h e xliain cf
S C'iC t 1-. ::rnfi enalI predicted.

?r4
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3. At Redo, coating wastes -ay *e added to non-boilin tanks in emcess
of the hydrostatic head Liitation if reied b- sace consideraticas.
When added to a boiling tank, the hydrostatic head lfmitation wi ,
observed. At Purex, it is tlnaea to store cOating wastes separatey
in C Farn.

4. Recently devised gas-lift recir:uLators of the t77e vihich are 7r7Vig
successful in preventing igilC -e ili _ mstall d in eac
tank (Redox and Purex) to provide further safety factor under conditions
of self-concentration. Failure of the recirculators cannot result in
an unsafe condition so long as the hydrostatic head limitation is being
observed.

While the above i-point o-eratizng pan is one that is assuredly safe, there
is considerable evidence accuiulated to date that such linits may be re -ed azd
further econni: gain realized through reater tank utilization. This evidence
also su-ports the fact tcat the Prozcsed -lanz test nrogrsa tsef can be con-
ducted under ccnditics that can be considered safe. Notable ltezs in this evidence
are as fo2lows,

1. The almcst in gaicnt agitation sumclied by the mechanical auger in
Tank l01-SM has been sufficient to minimize, if not prevent, bumping.

2. The initial oceration of the as-7ift recircula.or in ..-SI reovedabc
.B million tu. of stored heat and has, subsequent!7, prevented
bning and the develotment of a top-to-bottom tencerature zracient.
Other tanks not so ecuiced have develoced a tencerature gradient.

3. The raximum bu=t thus far observed has been less than 2 lbs./sq.in. com-
iared with the 10 lbs./s.in. do=- iitation which s controlling when
a tank is loaded to safe conditions.

4. Based on tank bottom temreratures, no btp has ever remo7ed all the
stored heat tresent.

Based on these observations, an in-rlant develooment Mrogram will be con-
ducted under "Production Test" conditions with a two-fold cbjective:

1. The feasibility of utilizing azitation to prevent butming will be more
firmly established in tanks where the hydrostatic head limit ma, be
exceeded.

2. The bunting characteristics of stored wastes will be develo ed over
a"=rcpriate ranges of evatoration rates and salt concentrations within
the hydrostatic head limitation.

During the execution of this test program, supporting development work will
cont4nue on laboratory and semi-works scales. While this program has a long-range
objective of developing an alternate disposal method which is simultaneously
cneacer and more -ermaent them -resemt methods, the 7ri arv effort has been
placed on the definition of safe operating conditions for e iediate future.
7cr e:amvle, a ai- - '- of -cicul -'- equitment wa'' be develiced. A
roram to understand better the limits imoosed b'-a resence of sois
a so ce uthertacen. .. -he H-o S e 4- r am e er4-eM a Ia a 3
vot Purr astes t.o s d-:th~ Se;Jf-2. -- ntizenzal _ bein

sed,' xt-ec-.ed -,ozc :f t ~ -4aZ-e far=. :m addii----
eacove, the >esign 3eczcn zlans to study the s'-= re--uirements for new ta

-nWch *ould :ermit mazinu tank conom; ile reIa:ning c-mcetely safe from a
stress-ruzture s-and-cint.

47
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A. The - -- aes

7ae ohem-cal was-tes from the 3eP az' n 3e:aa:tons fac ---

essenti.al.ly ai -iZ~e 3lUtion3 or scdo= andi~-t 3c2,

(NaNCO) witn - of i a-t of can ron zC
an~d ze&o - wastes -.- r-n ona n-- a so, out 7rOcess

chan..es are planed which will eL-"inate this ion. The 7ou=es and
ependl.g cn fh trionsim which

tions of the wastes rary, deperdi.g on the :rooessing d ic e

them. 'Tica waste -o ues and cocsitons are ;tven in a. fo

.rocesCSe zrrent'..7n :se or scnedule4 -Or the -ear

from the 1 prooess are a so iC-,4-ed,--hr e

doned and the metaL wastes re'zovered in the near o -tr -ta stozage z s

was.es cnst...tes no - -ur= ----

The cquanoit7 of rsaecio .tm - -e ed .c-- -'Z

ing on the pr cess wnich :rcduced toen and t-e -t f

3CL meta- -astes, u for:. a u-..7' -at ta s -

i. der-eased o- an -- crease ofe rature. - o

'~"----'- a o :ncs ore
ft-sett -i -rnaa

A 5et ~ -n t - -- ~ats -- to tz~e -a e

r r ae- - -- -s. -o ra--.

in e t C e, J a 7--e a Z noerat-re 7ze sa..t

-ce t-ec - s is SLo-W2 . ,. to ae-s

a sludge La-er g'ich sl-w> Z-ros -n oen:: . nd tet

is largely -e-ca oterator oontre ' aLthcuzh Laorator7 a ce ~

rate of --'Si, tion i s~-ower a- e ee7t-a d - 4 z e-c-a

the or ez o f ot or less of dense oreii-.tate w- ca ne inthe s

fev-!ear5-.- of ----a-

2 . - O r.C0.--z'-

The deoay of the aision troduots essociated with e nemcal eas

produces heat at a rate dete-rmined eent and --

at-he L ora a---d- - ~ - - --- ..-. an 7 -: f-- 3- s -*- -- ' - -- s

ha-e "'oco..ec" sec is T ge - a - . o"

that the hemioa.. wastes from a s earat _r.s PLant are e tO a -47

the rate of heat generatton in that tank increases, aepen -0t rate of
uranium mrceassing and its irradiation and cooLing histor a n thea dd t4-n

of fission zrrducts to the ta=k ceases, the rate of ia g tat

decreasing as the fsoion oroduts icay uring -- e 'st yea o

of a zi-en tank for waste storage, the rae - -z-c-T= :-me,
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The calculated heat generation rates are 7resented Srahically in Tigures

1, 2, and 3 for three ocerating conditions vaich bracket the antioipated range
of operating conditions at E.A.P.0., on the assumption that the waste tamks
will be filled and cossiby self-concentrated wthout interruztion.* It will
be noted that little self-concentration a-pears possible (see Heat :_ssi:ation.

below) under the conditions of the limited -rradiation depicted in ure
In the cases of higher irradiation, however, more heat is available than wou-d
be required to evaporate the solutions to dryness.

3. Heat Dissimation

The heat generated in the stored wastes is absorbed in the containing media
(waste solution, tank, and surrounding soil) until a tezoerature gradient has
been established in the soil in steady-state with the waste temoerature and
the earth. This steady-state heat flow reCuires ' to two 7ears to attain, at
which time apnroximately L billion 3tu. has been acsorned in the solution, tank,
and surrounding soil and apwrzimaoely 250,000 to 500,000 Btu./hr. of heat is
being lost to the soil. These rates of heat loss to the soil were calculated
from the perforance of boiling waste solutions in emisting tanrk farms, and no
doubt vary somewhat with tie and from tank to t2.Any heat generated above
that lost to the ground is utilized to evamorate water which escates from the
.ank as water vacor. The recentl> constructed tank farms (S, SI, A, and ST,

being desigmed) are desiged to conduct this 7ator to a ondenser facility,
thereby effecting sel'f-conzentration unless water is returned to the tank.

~4. Boiling Characteristics

Prior to August of 1352, the heat generated i the buried waste storage
tanks was dissinated to the ground without creating a boiling temperature in
any tank. At that time, the omerating conditions were such that Tank 110-S
attained a boiling temmerature and the heat-emohange capacity of the air-cooled
reflux condenser was exceeded. Water was sprayed on the air ccndenser and mro-
vided sufficient heat emchange capaciy to conoain the 7a-0rs. This condition
existed for a few weeks and subsided. in February of 193, the contents of
Tank 107-S started boiling at such a rate that the water-sprayed air -cAdenser
was inadequate and a water jacket was installed on the air condenser. This
expedient proved adequate and boiling subsided after a few months. 1n bot
cases, the water evacoration rates were low (althoug not measured) and in
neither case was any contamination spread observed.

In July, 1953, Tank 104-S was filled and its contents started boiling at
a rate which exceeded the heat exchange cacacity of the ater-,acketed air

condenser. In August, 1?953, an aumiliary water-cooled condenser was installed
on Tanks 104-S and 101-S (the next tank credicted to reach a bciling tempera-
ture). While the additional condenser rroved to have sufficient catacit7 to
condense the vamors at the average rate of formation, a growing contamiation
was observed at the new condenser. Subsequent investigations revealed occasional
changes of evaporation rates and contamination in the condensate. Characteris-
ticall7, the mminal "-average" rate of condensate fl.w would fall from about

*For a more $undamental treatment of this subject, see FW-3100C, Chaterc
and l
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These pressure surges Occurred about once pe_ 4-y when self-initiated, but

could be initiated two to three times dail7 by zaamll-y turning a specially

built auger installed in the tank. During a two-month period of self-

evatoration with no additions of waste, the intensit7 of zressure surges

increased from about 20 to 0 inches of water, and the energy release :er

series increased from about 4CO,300 to 4,0C0,00C 3tu. as the liquid le-el was

reduced by evaporation f m ' 0 feet to about 25 feet in the tank. After about

six weeks of intermittent biuping, the auger was motorized and operated con-

tinuously. ITo bumping occurred during two and three-week intervals of auger

operation, although buzping did recur after two weeks of continuous agitation,

and later when the auger was not orerated. In an effort to prevent bumping,

a gas-lift recirculation device was installed in Tank 104-SX in June, 135,

at which tire the tank was boilin bua had produced; no bumns. When the gas-

lift was activated, the rate of condensate flow increased from 3 to 7
returning to nor':mal in about sit hours. About 5. 1 million Btu. of stored heat

was removed, and the temerature differential from top to bottom of the tank

Bum0in- is I~oria to result from the alternate gradual storage of sensi-

ble heat in the waste solution under high hyd-ostatic nead deep in the tank,

followed by the rapid release of this heat as a curent raises the hot solution

o a oint of lower pressure, thereby remitting the solution to oil. Such

an uflow of solution mi'ht be caused by any dicturtanoe of a dense sludze

layer which would sudden>y emmcse a surface wita a nigner temperature tnan the

general area, a random edy curent wnioh would ee-7ate some waste solution

(and possibly some fbocculentrrecipitates) to a oint where it vould 'Coil

under the reduced pressure, or a meclanical turuLence (auger oeration) which

would effect the same result. Whatever the cause, the energy release would

tend to be self-rerTetuating since the local release of vazors below the sur-

face would decrease the apparent weight of the column of liquid containing the

ga and the mixture would then be displaced upward by the heavier liauid sur-

rounding it. This upward displacement would cause additional coiling of solu-

tion, thereby accelerating the upward current and vanor release. -he acceleratin'

flow of water vanor from the -tam would create an increasing pressure --ron in

the vapor header and condenser, thereby increasing the pressure at all noints

within the tank. Assuming the rate of pressure rise within the tank emceeds

the rate of pressure decrease on the upflowi4g liquid, then a pressure might

be reached at which vamor formation would cease and the licuid unflov would

_ecelerate. The rate of vanor flow from the tank would then exceed the rate

of vapor formation and the oressure within the tank would fall. As the tank

returns toward ambient pressures, however, some of the licuid which has been

displaced upwards might azai" start to vaZori:e (after a certain degree of

surer-heat had been established), and the entire cycle could be rereated.
These cycles of self-quenching pressure surges could recur until the rising

liquid no longer vaporizes sufficiently under the reducing pressure to continue

the gas-lift which is propagated by the upflow of liquid.
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The prevention of boiling within storage tanks by the oneraticn of cool-
ing coils is a feasible thcuzn extensive oerat.cn, and the inclusion of
cooling coils in the Z.A.2.0. stcraie tanks was rejected as an umnecessar7

exense. For example, a storage -azk for Purex wastes would require on the

order of '0,00 fee: of 2-4-c- ji:e (pcssibl7 rranged as vertica pies on

40-inch trianzular ceners) for heat exchange surface to ce cooled by a peak
water flow in excess of D00 gal./min. SuitabLe :recautions woud also have

to be -rovided against the possibility of loss o Cooling water supply or a

leak in the cooling coils. For this additional exoense, no advantage is

gained provided the tank contents can safely be :er-itted to boil. Since no

undue hazards were predicted in peritting wastes to boil themselves, the

tanks were designed on this basis.

Another rotential me thod of nreventing boiling in a aste storaze tank
embraces the limitation of the quantity of fission procducts p iced in a

given tank, or the rate at which they are added. For exanple, on the assunp-

tion that 00,000 tu./hr. is lost fron a given buried tank, then the wastes

from a Parex -lant :rccessing 5 M/T uraniu at 20 tons ter da could *e

placed in that tank for eight to ten d(ays before the heat generating capacity
of the stored wastes would ecual the ca:acity of the tank ana soi to
pate the heat. At 410 gallons of waste per ton, this waste would form a coo'L

two to three-feet deep. These sane fission zroducts, nowever, stored at ,'CG

gallons -er ton as 3iP% metal waste, would more than fill one of the 500,000-
gallon tanks of the old tank farms. -ssuning these P=ez wastes were o.vertec
to successive tanks, filling each tank to this degree and _'en 7ermitting to

cool until another inorement of waste could be added without causing oiling,

then a mi,1-u of sxty tanks would be required to be in various stages of

filling simultaneously. All of these tanks would constantly be at near-boiling
temperatures, and each day'S waste would be routed to a different tank to pre-

vent boiling. Similarly, a Eedox plant orocessinzg daily 10 tons uranium

irradiated to 5 MW/T would recuire thirty tanks in simultaneous oreration.

Should the more realistic neat dissipation rate of 250,000 Btu./hr. per tank

be assumed, then Purem would recuire 120 tanks and Redox would recuire 60 tanks
in simultaneous creration.

An independent. study(5) of the storage problem resulted in the proposal

that the wastes be stored i large pits lined with an impervious Material
(possibly asphaltic), filled with coarse gravel or rubble, and topped with a

graded sand cover.Ing. n this zrczpsal, the storage facility would be ccerated

essentially as the self-concentrating tanks above, except that the water vapors
would be dissipated through the sand cover to the atmosmhere rather than being

condensed and routed to the ground. While this type of facility could probably

be constructed for rerhaps 10 to 15 per gallon of storage space, the long-term
integrity of kown i-pervious materials in the tencerat ure range of 50 to t3_0F.
observed in storage tanks is less certain than that of a concrete-jacketed steel

tank, and the concezt of an area discharging water vanor and potentially
entrained radioactivity to the atmosphere in the vicinity of operating plants

would require considerable development demonstration prior to adoption.
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design features to Mininize this tyne of comtamination spread include knock-out
tanks and filters to remove any entraired materia.s from the va7ors escaping the
tank. These precautions are believed adequate to trotect the environs 'rom con-
t=ination by particulate atter, and the subse:uen- discussion will deal primarily
with an evaluation of the tank integrity.

The storage tanks currently available for the storage of radioactive aqueous
wastes at H.A.P.O. are reinforced concrete structures with mild steel liners.
These 75-ft.-diameter tanks were constructed in a series of "farms", with the
tanks in each farm of similar design but differing somewhat from farm to farm as
indicated in Table I. The potential causes of tank failure are: emter=.al -
bomb or earthquake damage; or internal. - corrosion, mechanical stress, or chemical
reaction.

1. External Eazards

External forces which might cause the failure of a storage vessel include
earthquake and bcmb detonation. The vessels were designed in accordance with
the Uniform Building Code for utilization in a Cass I- earthcuake zcne.(li)
While no effort was made to make the 7essel!s zomb-Zroof, they are buried under
seven or more feet of earth and a direct hit would probably be required to
jeorardize the tank structure. The risk so taken was considered justified to
reduce the capital investment involved.

2. Corrosion

The probability of a tank failure by corrosion in the next century is
very small. Labcratory data indicate that corrosion rates of the order of
5 x 10-D inches mer month are exerienced with mild steel in contact with con-
centrated Purex waste systems at temperatures up to 2f04F., and the increase
of corrosion rates with increasing tenoerature i-di,_tes still hiher teoera-
tures are permissible from a corrosion viewooit. 30 A cusry exzina-
tion of the tank liners in which 3iPC4 metal waste was stored for ten years
revealed that the triner coat ol raint was still intact on the mild steel in
many cases. The point of worst ccrrosion was observed over a band about four
inches wide at the liauid-air interface.(14) These data tredict that a sub-
merged tank liner will probably remain intact more than 200 years. The
Portion of tank liner in contact with condensinm vamors corrodes ut to ten
tine more rapidly than the submerged portion,(l-) and that portion of the
liner above licuid level may be tredicted to fail much sooner. in the event
that a tank should smring a leak to the soil, the leak could be detected by
an active program of liquid-level measurement or by radiation-monitoring wells
in the .ro imity, and the bulk of the tank contents could be pumped to another
tank. If the leak were detected in time, the liquid which thus escated the
tank would be held in the soil below the tank on a "soecific retention''asis.

3. Mechanical Stress

The ability of a given tank to withstand hydrostatic head and transient
gas pressure surges (bumting) is limited by the stroctural strength of the
reinforcing steel in the tank walls resisting rutture of the wals, and ty the
resistance of the dome and soil above the tank to the lifting of the tank dome
off the -alls. The iifor each -;neserg oneet
._al7 C.,a e,; 'the -esi, 7- Meerin ; Sub-Sectioni) two bases.

* The soil beneath the waste taM2:s 4s z and will reta on the order Of
to l5C Ol ens per square foot of cross section b ca-illari7 t - a
;eroolating liquid reaches the ;round water.
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Permissible eoth of Sclution
vith sz."Jr. of 2.2

Simultaneous
Vapor Pressure,

Farm Feet of Liq_ id Psig.

T, U, B, C, BI 15 3.0
S, BY, TX, TY 16.5 3.0
Sz 21.5 5.5

37 loading a given tanik to a lower hydrostatic head (by reduced liquid
level or specific gravity), a corespondingly greazer pressure may be
tolerated up to a limit of 10 lbs./sq.in., at which pressure the tank dome
is jeomardized. These stress relationships are presented grahically in
Figure 4.

The hydrostatic head and transient gas tressures actua dy develo;ed
within a tank can he held to safe levels. Hydrostatic head is controlled
by the desree of filling and self-concentration termitted and is entirely
under cerational con ol. Transient zas =ressures can be L,4ited eite r
by preventing the acu=ulation of heat which en-ergiza s - us, or by
controlling conditions such that the maziaum zcssitie '--= cannot exceed the
safe operating limits of the tank.

The accumulation of _eat in a smnerin-g liquid tool is minimized by agita-
tion (either ccnvecticn or mechanical) and is auz-ented by any mechazns=such
as a dense or flocculent layer of solids) which interferes with free liquid
movement. The rate of energy release determines the maximum pressure developed
in a given system and is controlled by the rate of liquid displacement during
transient conditions. These relationshi-s canot yet be defined in mathemati-
cal terms, more information being required before the intensity, magnitude, or
frequency of bumps can be predicted for onerating conditions beyond those
already exzerienced.

The maximum pressure whIch can potentially be developed in a g17en fluid

system can be computed with certainty. The vanor pressure, above atmospheric,
which can be produced by a layer of licuid is no c-eater than the hydrostatic
head which exists on that licuid since at this noint the solution would boil
in its oresent position. This means, then, that regardless of the quantity
of heat stored in a gif'en system, and regardless o' the pea" rate of transient
liQuid movement in that syscem, a vapor pressure cannot -e zroduced abcove the
liouid which exceeds the hydrostatic head existing at the base of the tank.
This "hydrostatic head limitation" may be utilized to assure that with any
fluid system under any condition of heat generation rate or turbulence the
safe working conditions of the tank will not be exceeded. These assured safe
working limits are noted below for tanks to be utilized for the storage cf
boiling wastes and are based on a maXImum termissible nressure of 10 ls./'sq.in.
in the vazor stace above the liquid.
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removed by steam distillation while boiling, and the reaiaing quantities

of organic material will be either accu=ulated as a setarate .aver at the

ton of the mass at a relatively low :emperature or diffused through the

mass in ler7 low conentrations. :a either case, a nitrate-orfnic reacticn

-is very improbable. Whie this hazard should be constantly evalUated in t-e

formulation of oerating plans, the :otential hazard ander planned onerating
conditions is considered negigible.

c. Simnle combustion

The ccmbustion of solvent above stored waste is considered unlikely.

The Redox solvent is ke-t from entering the storage tanks by the normal

waste concentration :racedures, and the Purex sovent has a flashnoint so

high that the water 7azorized at this temnerature will have displaced over

half of the oxygen in the atmosnere. Combustion under these conditions

is very unlikely.

The evolution of hydrogen and oxygen by the decomrcsition of water

creates a potential hazard of hydrogen comoustion during those i--es that

the vapor tressure of water over the stored wastes is insuffif'ienn to

establish an effeCtive inert lan]et. The tresence of less than 0.1%
hydrogen in the Tank l0I-T atmosthere at about 26C*7., however, reveals

that this hazard is not serious. The greater than forty-foLd 'rcrease

of hydrogen concentration required to approach the lower e:plosive linit

is much greater t:-n the t-wo-fold increase of heat release recuired to

boil the so=uticn, and, hence, the system is safe from hydrozen comoustion.

The production of oxygen by radiation decomsition of sodium nitrate

is of negligible concern. Tn an aqueous solution of sodium nitrate, an

equilibrium always exists between sodium nitrate and its decomosition

products oxygen and sodium nitrite. While irradiation no doubt increases

the rate of chemical decomosition of sodium nitrate, the increased con-

centration of sodium nitrite and cxyren ser-es to increase the rate of

recombination to form sodium nitrate. --us, while it is t--eretically

possible to produce oxygen by this mechanism in aqueous solutions, the

net increase of oxygen production is negligible.

D. Evaluation of Current ConditiCMS

Three conditions have existed which exceed the assured safe orerating con-

ditlcns noted above. Cn the basis of the current stress CaIuClatiorS, Tanks 101

and l0IL-S were unrowingly loaded to a higher hydrostatic head than is recommended

under the operating conditions emloyed. The current status of these tanks has

been appraised by Technical and Design personnel and is believed to be satisfactory.

Tanks 101 and 104-SX were filled and are being permitted to boil with a hydrostatic

head exceeding the 10 lbs./sq.in. pressure (at the base of the tank) assured to be

safe under any condition of agitation. Tn the incremental approach to our current

position, however, these tanks have at no ti-e approached within 0.Il specific

gravity units or L.5 lbs./sq.in. simultaneous 7amcr pressure of the allowable

simultaneous loadinzs presented. Tn addition, the agitation being su0=ied *i :W

preventing bumping. On the basis of the _4ata at 'and, no reason is now seen to

reduce the liquid level of these tanks below current levels. :a tte Of

current iata, the S and U IT tanks were cermitted to bcil withcut adequate emer-

gency nressue relief inevent of co:denser faiure. The SI ad A Farms are

adequatel orotected, and tze S an 7am tanks have vr7tua'-y-e - c. :c--- -e

without incident.
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generally be Controlled sucn that the maxi4uz tossible bumo would not endangzer

the integrity of any storage tank. XcezPtios to thi3 condition i. be made

only under carefully controlled ererimental conditions. 'o tan-- will be per-

itted to boil without adeauate emergency 7ressure re4iet aiiis

1. Redox

Storage facilities avatlable on June 10, for the storage of ?edox

wastes, based on single-stage bacc-yo.e of -wastes are as

Volume ECUivalent '-=- o
.. a ,-A -, ai' '-

ac .cat = Wast-? -aste

cc o
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3. Self-concentratiOn will be eri ted as excer'enced, withi

limitations of hy7rOstatio head as noted above and of :reventng

the s staization of the bulk salts at the boiling o . aer

ill be added as required to prevent over-concentration.

4. Coating wastes will be added to non-boiling tanks in excess of the

hydrostatic head limitations noted above. :f necessary to add

coating wastes to a toiling tank, the hydrostatio head limitations

will be observed.

b. Exnerimental jrczsm

Observati:ns ave been 7-ade thus far which 4ndicate that the above

omerating plan may be unduly restrictive and that orerating limits noted

above can crobably be relaxed without undue hazard. For example, the

almost ins 4.ificant agiaton supplied by the auger was sufficient to
minimize, if not prevent, bunping In 101-SI. The initial operation of the

gas-lift recirculator in 104-SX removed about 5-5 illion 3tu. of stored

heat. Subsecuent oeration of this recirculatOr has mrevented buming,
and a tem'erature ;adient has no: azai= develoced h tack: al otner
taks iled ihou agiation as the first in cascade ave eveloced a

temperature gradient from ton to bottom. The mamimum buns thus far
observed has ceen -ess tzan 2 -s-/s. ., c .are wt the 0-s . ./s.a

dome limit controllig when loaded to assured safe ccnditior.s. The bunts

observed in 101-S, CL-S, and 101-SI did no: release all of the store d

heat present since the temperature at tne cotton of the tank remained high

with respect to that at the top of the tank.

The above observations show that an experimental in-plant program can

be safely executed with a two-fold objecti7e. First, the feasibility of

utilizing agitation to -revent bumping will be more firmly established.

Second, the bumping characteristics of stored wastes will be developed

through all operable ranges of evaporation rates and salt concentrations

within the limizations of hydrostatic head for "assured" safe oeration.

When these characteristics are understood, the hydrostatic head limitations

will be relaxed incrementally as indicated by the data obtained above.

A tentative exrerimental rogram is presented below, subject to later

agreement as to operating details.

I. Tank 104-SI and 205-SZ will ccntinue to receive extraction wastes

(single-stage backc7cle, low MWD/T) as at present, receiving the

wastes from about 350 tons of uranium. The specific gravity of

104-SX when 105-SI is filled will be about 1.39. A maximum boil-off

rate of about 5 gal./min. is predicted for 104-SI, and the vessel

will probably continue to boil for one to two years. Coating Wastes

vi'll be routed to 104-SI for about six months after 105-SI is filled.

During this time, the boil-off rate will decrease from about 5 to 2

gal./min., the liquid level will fall from 30 feet to about 22 feet,

and the specific g-avity will rise from about 1.39 to 1.5. Ccntinued

use of this tank for coating -aste storage for another six months wilL

refill the -an:: at a szecific gravity of 1.48. The gas-lift recircu-

lator will be 'e"t in continuous oceratio.n until the tank stos boil-

inz. :f neessaryce::re troceeding to Ste; 2, a zas-lift reci-cuator

will be ins-:alled in ~.l-SI and ertractiOn wastes stored there.
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?. Develorment Acenda

An active laboratory and se4_icrk's scale develozment prcgam is in 7ro-ess
to define and alleviate the hazards of confining t'e fission products created as
a by- ro duc - of plutonium :roduc ion. While this progam zas a long-range ob~ectire
of developing an alternate distosal me:hod which is sinultaneously cheaper and
more permanent than present methods, the inary effort has been 7laced on the
definition of safe oerating conditions for the immedia!e flture. To this end,
the following development agenda has been and is being actively pursued.

1. Laboratory

a. Possible mechanisms contributing to bumning in the Redoz tanks were
studied, together with a study of methods of control.

b. The evolution of hy-dogen and oxyger fro= hilh y radioactive stored
wastes is being evaluated more precisely.

c. A study is being made of the stability of nitrate sals a- the ele-
vated temperatures otetia' availabe in aste storage :an.s.

d. The solubility of the mimed salts encountered in 2edox and ?urem
wastes is being deternined as a fun--ctio -f-eera:u.. toetner with
the volume of solids separating from the hot wastes upon cooling.

e. Additional corrosion data is being obtained in laboratory and field
smecinens at tenteratures up to the naninun cbserved in the field.

f. Processes are being develomed to permit the disp osal of coating waste
to the ground.

2. La-rre Scale

a. Since the thenomenon of a self-boiling solution at low smecific heat
generation rates is a new one, many of the technical observations must
be made directly on the full-scale unit. To this end, Zngineering
oersonnel are closel7 ObSer74ng the boiling tanks and obtaining data from
which an understanding cf the cntrolling mechanisms may be deduced. The
effects of a settled sclid chase on boiling characteristics will be deter-
m.ned.

b. A Zas-lfft reci-ulatin device is cuCentlv being evaluated to deter-
mine its efficacy in zreventi.ng bumps both in experi entall facilities and
in boiling waste tanks. This device is believed effective in fluid systems;
should sludge be controlling, alternate agitation methods would be required
and are currently under consideration. Fail-safe instrumentaion to indi-
cate continued o-eration will be develoted and installed.

c. Tenerature S-adients actuall7 encountered in the soil and concrete
shells will be established.

d. An er;;erfmental tank, 39 i'ches in diameter :y 3z-feet tall, is
filled with Pwrex-ye acuecus astes. i- ta-' ij cu.::e. to study

-the rate ant uni omity of vapor croduotion, ea loses to the pound,
tazsk teieratures as a u :zion of tank heirj, ant the f:rmation ani
consistency of any sludige f=ed. t is zlanned to tub: the self-
concentration of nastes to i -int salt formation, zorrespondig to a
self-concentration factor of five to sin.
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I. EW-3100C "Purem Technical Manual," author not stated, March 25,
1955.

2. Undocumented '.Chronology of Steam Surges in Redox Waste Storage Tank

Farm 241-SV" b-7 M. K. Zarmon, May 12, 1955.

3. KAPL-l273 "Reort of Chemistry and Chemical Engineering Section
for November and December 1954," January, 1955.

4. Journal cf Chemica. Ph~ics, 7ol. 21, .o. 4: "The Decomposition of Nitrate
Crystals -y by 3ada:ns oy Geartart Ze"-'i, e-t a.

5. OR.L-1638 "Project Hope - A Chemizal 2eprocessing Plant for a
Nuclear Power Econcmy," February 5, .

^. KAPL-720 "Drum Dr a dioactife Waste at the Knolls Atomic

Power laboratory" by D. M. Lewis, Azril 3, 1952.

7.* 3RL-293 "Progress Report on Waste P-ocessing Develotmert Project"

by 3. Mancwitz, F. Eittman, and 2. :sler, M s 1

3. Bn-323 "Progress 3epcrt on Waste Processing :evelccmer. Pro ject:
Description of Calciner Pilot Plant" b7 F. Eittman an.

B. Manowi-,z, Dece"- er, 9.

9. BNIL-329 "Pronosal for Waste P-ccessing at iaho Chemical Processing
Plant" by 3. Manovitz and F. Eittman, Fe-cruary ., 1 52.

10. 1-1C05 "Permanent Methods Of 3adiCacti7e Waste DisAosal-:An
£conOmic Evaluation" by A. C. Eerringtn, 2. u. Sh7er,

and C. W. Sorenson, March l, 1953.

11. Fi--37519 "Structural ETaluation - Undergound Waste Storage Tpa"
by Z. F. Smith, June 23, 1955.

lla. W-37519 Azmendim 3.

12. F-26472 "Progress Oerort - Chemical Develorment" by F. W. Wood-

field, November 30, 1952.

13. H-26892 "Progress Renort - ChemiCal 'evelozment" by F. W. Wood-

field, January 31, 1953.

14. Letter, R. A. Kennedy to R. S. Bell, "Metal Waste Tank Corrosion," December 16,

1953.

15. Persoral ccunication frci R. - . Martens to a. -.- Tomlinson, June 20, 1955.

To be published in report by A. T. Lavis as -P (?)
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BACKGRCUND

Radioactive waste resulting from reprocessing nuclear fuel is stored

in unrferground storage (UGS) tanks at the Hanford Site. Based upon lim-

ited data on estimates of transuranic isotopes in the waste and emerging

criteria for disposal of radioactive waste, it is expected that some in-

tank radioactive waste wi i cualify for rear-surface disoosal in the

existing waste tanks (in situ disposal). Imolementation of in situ waste

disPosal would require drying of the dano salt cake and sludge to an

acceptable level, soliciO cation of the residual liquors and slurries,

provision of suoport to the tank dome, and finally, installaticn of an

aartn-rock cover over each tanK Fam.K

7rese operations, V z:aented, Nou affect ore rcat tr3nsfer

c-aracteristics of the waste storace tanks. 4eat renerate cy ssion

product decay is currently transferred to the surrounding soil and to tne

atmosphere mainly by conduction and in sane tanks by forced air ventila-

tion. Under the in situ disposal alternative, tank ventilation vould be

terninated. Drying or imnobilizing the waste would tend to lower its

.heral conuctivity. Bac<'il4ing the tank dome void sPaces and buildina

an earth cover over the tank farms would further -estricz heat transfer

y increasing the resistance to heat transfer between the qaste and the

atos pnere.

According to the racicactive qaste inventorl in ?eference 2, The

total heat loading (decayed to 1995) of all the UGS tanks is about

1.74 million Stu/hr. If evenly distributed among all 169 tanks, the

average heat I oading cer tank wul d be 10,300 tu/hr; if evenly distrib-

.ted among all 75-ft-diameter single-shell tanks, the average heat load-

ing per tank would be 13,100 Btu/hr. A list of tanks with estimated

heat loadings is included in Appendix A.

This study was performed as part of the Long-Ter Hi rh-Level Defnse

'a.ste Program (AR-05-'5-10).
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PURPOSE

A parametric heat transfer analysis was conducted for predicting

peak waste and concrete temperatures for long-term, in situ disposal of

high-level radioactive waste. Families of maximum temperature versus

total radiogenic power graphs were prepared for variable waste depths,

backfill materials and tank types, and for tanks with 4 m (13.12 ft) of

earth cover added to the tank farmns.

SLMMARY

Parametric heat transfer calculations were made for single- and

double-shell tanks to predict maximum temperatures possible in the waste

and concrete structure during in situ disposal. Transient calculations

were carried out until the temperatures of interest reached their peak

values with respect to time. Computer runs were made, varying the

initial heat generation rate, waste volume, backfill material, and soil

overburden. The peak waste and concrete temperatures are plotted as a

function of total initial heat loading for the various in situ disposal

configurations. Given a tank with a known heat load, the maximum temper-

ature expected under various in situ disposal configurations may be deter-

mined. Ccnversely, given a maximum allowable temperature in the waste or

concrete, the maximum heat generation rate may be determined.

For example, if the maximum allowable waste temperature is 350 0F,

the maximum heat loading in a UGS tank ranges from about 26,000 to

50,000 Btu/hr, depending on tank type and size, waste depth, backfill

material, a.nd the presence of overburden material. Similarly, if the

tamcerature in the concrete tank wall is limited to 250 0 F, then the max-

imum heat loadings range from about 21,000 to 56,000 Btu/hr.

Further calculations were made to show the dependence of the temper-

atures on certain input parameters. The thermal conductivity of the

waste and soil, the adiabatic boundary radius, and the lower boundary

tamperature were varied and canpared to the "base case" single-shell tank

model results. The soil and waste thermal conductivities have the most

significant effects on peak temperatures.

2
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Inis analysis does not consider tanks with layered 4asta. Tanks

with most of the heat generating material concentrated on the bottom

would have significantly higher temperatures in the waste, base, and

wall. Since several tanks fall into this category, it is recomnended

that individual tanks be analyzed prior to implementation of the in situ

disposal option.

RESULTS

GEN ER AL

The transient heat transfer calculations were made using the

,EATINGS( 3 ) computer program, using the Classical Imolicit Procedure.

The detailed gecmetric models used to reoresent a single-shell tank and a

touble-shell tank are shown in Figures I and 2, resoective>y. The ',ca-

tions of temperatures of interest in this report are the peak waste tem-

perature at the tank centerline, the concrete base temperature at the

centerline, the peak concrete wall temperature, and the concrete dome

temperature at the centerline. The results of the heat transfer analysis

are sulmerized in Table 1, where the peak temperatures in each configura-

tion are correlated to fit the straight line equation iiven by:

Po
Tra= a. + b

10C0

wnere:

nmax is the maximum temoerature (jF)

a is the s ope of the temoerature is. oower cur'e,

OF/(kStu/hr)

?o/OCO is the initial power level converted to k3tu/hr

b is the y-axis inter-ect at 13 = 0.] (F)
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TABLE 1. [ fiear CUrve Fit Codfftic lits (Cont inued). (a)

Iafnk Type

Sing le-Shel I
(530,)000 gal)

DouAble-Shell

Double-Shel I
with 13 ft
overburden

Backfi I I
Materi a I

None

Concrete

Sandy Soil

None

Concrete

Sandy Soil

Sandy Soil

Waste
IDep LII
(ft)

6
15

6
15

6
15

6
15
30

6
15
30

6
15
30

15

Peak Waste
Temnipe ra tre

a
(0F/kiltu/hr)

5.48
6 .09

7.22
7.04

8.93
7.99

5.50
5.92
5.98

6.93
6.87
6.39

8.86
8.18
7.00

8.39

b

(OF)

89
91

92
92

93
93

91
91
98

100
99
99

101
100

99

102

Peak Concrete Temperature

Base, Cei Ler

a
(OF/kBtu/hr)

5.34
5.11

7.06
6.56

8. b7
7.32

4.99
5.07
4.79

6.42
5.97
5.10

/.96
6.92
5.46

7.14

b
(0F)

89
91

92
92

94
93

93
95
99

99
99
99

105
100

99

1 1

Wall

a/ tb)

Domie

a
( F/klltu/hr)

J. 1 4-

3.91
4.45

5.52
5.18

6.39
5.7

2.74
3.36
3.78

4.51
4.40
3.93

5.18
4.84
4.21

5.30

89
90

90
89

90
89

98
95
94

93
92
94

92
93
93

94

4.31
3.73

2.59
2.74

1.99
2.29

4.46
3.82
2.99

1.70
1.80
2.02

1.22
1.36
1.73

ill equation:
Po

Innax - a- --- + b
1000

b
0 F)
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The variable "b' %uld be expected to be between 600 and 70 0 F, but

due to minor nonlinearities in the heat transfer system, higher values re-

sulted. The peak temperature of the waste or concrete may be calculated,

if the initial power level or heat load and the other configuration para-

meters are known. The peak temperatures reported occur 8 to 30 years

after time "zero" at disposal, depending on the disposal configuration.

This thermal response time is illustrated in Figure 3, where the waste

temperatures of four configurations are plotted as a function of time

from disposal when the vent system is shut down and the waste is dry and

backfill is placed in the tank. The peak temperatures are higher and the

time required to reach the peak is lcnger as heat transfer is further

restricted by backfill or overburden. In general, temperatures of the

waste, the concrete base center, and the concrete wall increase as waste

depth increases with no backfill but decrease as waste depth increases

with concrete or sandy soil backfill in the air spaces. However, the

concrete dome center temperature decreases as waste depth increases with

no backfill and increases with backfill.

5I - EEAK

PEAK

400EAKA-

BACKFiLL MATERIAL

CSAND AND 4 mOVERBURDEN

200 SANDY SOIL
200 aCONCRETE

0 NO BACKFILL

1001

0 5 10 15 20 25 30

TIME FROM OISPOSAL (yr RCS1-18

FIGURE 3. Transient Waste Temperatures for a Single-Shell Tank
with No Ventilation, a Waste Solids Depth of 15 ft, and Various
Backfill Materials in Air Spaces (50,000 Btu/hr).
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Adding backfill to the air soace above the waste and in the annulus

in double-shell tanks restricts heat transfer and results in higher tem-

;eratures in the waste, concrete base center and concrete wall, wt re-

suits in lower concrete dcme center temperatures. 3ecause the thermal

conductivity of the sandy soil is lwer than concrete, sandy soil back-

fill restricts heat transfer more than concrete backfill.

Adding 4 m (13.12 ft) of soil overburden to the existing earth cover

resulted in higher tenceratures in al; locations, because of the in-

creased distance to the upper boundary.

SINGLE-SHELL TANKS

Calculation results for a Imillion gal , single-shell tank are

plotted in Figures 4 throuch 12. Peak waste and concrete teiceratures

or a canK ith no backfil material in th e air space arc containing dry

waste solid deptns of 6, 15, and 30 :t are showi in :igures 4, 5, and 5,

resoectively; the results of adding concrete to the air sPace for the

same three waste depths are shown in Figures 7, 3, and 9, resoectiveiy;

and the results of substituting sandy soil for concrete as backfill are
shown in Fiaures 10, 11, and 12, resoectively.

Te results of the cal:j ations or single-shell tanKs Vith

520,OOC gal or 750,000 gal noi, nal capacities are reported in Table 1.

General I y, the tenperature di F rences, caused solely by i fferent tank

capacities, are less than 10%.

The results of adding 4 -n (13. 2 ft) of soil overburden to one con-

figuration, that of a 1 million gal , single-shell tank with 15 ft of

waste solids and sandy so i backfill, are shown in Figure 13. The larg-

est increase was in the concrete ocme tamoerature whi'e the tanperatures

in the wall, base, and waste changed littIe.

DOCUBLE-SHELL TANKS

7ne results for dcuble-shell tanks are Dlotted in igures 14 :hrougn
22. ?eek waste and concrete tnoeratures for a tank with no backfil' and

dry waste solid ds=ths of 5, 15, and Z fz are shown in Figures 1 , ,

9



'AHC-SD-WM-TI-
406 Rev. 0

RH0-LD-171

and 16, respectively. The results of adding concrete to the air spaces,

including the annulus, are shown in Figures 17, 18, and 19, for the same

three waste depths; the results of adding sandy solid backfill are shown

in Figures 20, 21 and 22.

The results of placing an additional 4 m (13.12 ft) of soil over-

burden on top of existing soil on a tank with dry waste solids 15 ft deep

and sandy solid backfill are shown in Figure 23. The effect on temper-

atures is similar to that of the single-shell tank.

4-

uJ

w

500K
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20.
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C PEAK WASTE TEMPERATURE
0 CONCRETE BASE. CENTER
a SIDE WALL
* DOME. CENTER

20 40 60 30
20

TOTAL POWER AT TIME = 0. (103 Stu hr)
RC?8108-13

FIGURE 4. Peak Concrete Temperatures for a Sincle-Shell
Tank with No Ventilation, a Waste Solids Depth of 6 ft,
and No Backfill Material in Air Spaces.
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and No Backfill Material in Air Space.
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Z PEAK WASTE TEMPERATURE
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siCE WALL
0 DOME. CENTER
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I
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H
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TOTAL POWER AT T7ME =03. 3tu, hr
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FIGURE 7. Peak Concrete Tepnueratures of a Single-Shell
Tank with No Ventilation, a Wdste Solids Depth of 6 ft,
and Concrete Backfill in Air Spaces.
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FIGURE 8. Peak Concrete Temperatures of a Single-Shell
Tank with No Ventilation, a Waste Solids Deoth of 15 ft,
and Concrete Backfill in Air Spaces.
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FIGURE 11. Peak Concrete Temperatures of a Single-Shell
Tank with No.Ventilation, a Waste Solids Depth of 15 ft,
and Sandy Soil Backfill in Air Spaces.
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FIGURE 12. Peak Concrete Temperatures of a Single-Shell
Tank with No Ventilation, a Waste Solids Depth of 30 ft,
and Sandy Soil Backfill in Air Spaces.
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FI3JRE 13. 2eak honcrete 7rnoeratures of a Single-Shell Tank
witn 4 m (13.12 ft) of Soil verburdn, a Wast Solias Depth
of 13 ft, and Sandy Soil 3ackfiII in Air Soaces.
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FIGURE 15. Peak Concrete Temoeratures of a Double-Shell
Tank with No Ventilation, a W4aste Solids Depth of 15 ft,
and No Backfill Material in Air Spaces.
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FIGURE 16. Peak Concrete Temperatures of a Double-Shell
Tank with No Ventilation, a Waste Solids Depth of 30 ft,
and No Backfill Material in Air Soaces.
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FIGURE 19. Peak Concrete Temperatures of a Double-Shell

Tank with No Ventilation, a Waste Solids Deoth of 30 ft,

and Concrete Backfill in Air Spaces.
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FIGURE 23. Peak Concrete Temperatures of a Double-Shell Tank
with 4 m (13.12 ft) Soil Overburden, a Waste Solids Depth of
15 ft, and Sandy Soil Backfill in Air Spaces.

SENSITIVITY ANALYSIS

Due to the variability and uncertainty of the input parameters,

calculations were made to show how sensitive the resultant temperatures
are to varying certain thermal properties and boundary conditions. The

waste thermal conductivity and density, the soil thermal conductivity,
the adiabatic boundary radius, and the lower isothermal boundary tempera-
ture were each varied, one at a time, to determine their individual ef-

facts on peak temperatures. The mathematics of the HEATI.NG5 program was

checked on a one-dimensional model and found to be accurate to within

1 '~(see Appendix 3).

The thermal conductivity of the waste solids is dependent on mois-
ture content, density, and the type of waste it is. As a base case, the

value of 0.25 Btu/hr.ft.0 F was chosen to represent reasonably dry waste

and is based on measurements of dry sludge and saltcake samples. The

results of varying the waste thermal conductivity from 0.15 to
1.0 Btu/hr-ft- 0 F for a single-shell tank with waste 15 ft deep,

20
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generating 50,000 Btu/hr, and no backfill, are shown in Figure 24. 1n-

creasing the thermal conductivity decreased the temmeratures (exceot or
the dome), but had little effect abcve 0.5 Btu/hr-ft. 0;. Incraslig

the density of the waste from 55 lb/ft, to 03 ib/f.3 decreased all

temperatures less than 3%.

The soil thermal conductivity was varied from 0.15 to 0.50 Btu/hr.ft-0 F

for the single-shell tank model with waste solids IS ft deep, generating

50,000 Btu/hr, and no backfill. The ternoeratjres as a function of soil

thermal conductivity are shown in Figure 25. Soil thermal conductivity

has a large effect on the temoeratures. increasing the thermal conduc-

tivity through this range caused a SE017 decrease in temoeratures. The

base case value, 0.25 Btu/hr.ft-OF, is an averace value from measure-

ments on Hanford soil.

: PEAK WASTE T=MPERA~URE
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SIDEWALi.
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WASTE CONCuCVITY Su hr.ft 'F)
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F:GURE 24. Sensitivity to Wasta Thermai Concuc-ivity in a S4ngle-
Shell Tank with No Ventilation, a Waste Solids Depth of 15 ft, and
No Backfill Material in Air Spaces (50,000 Btu/hr).
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SOIL THERMAL CONDUCTIVITY (Btui hr-ft -F)C108-40

FIGURE 25. Sensitivity to Soil Thermal Conductivity in a Single-

Shell Tank with No Ventilation, a Waste Solids Depth of 15 ft,
and No Backfill Material in Air Spaces (50,000 Btu/hr).

The 51-ft adiabatic radius for single-shell tanks is derived from

half of the 102-ft, center-to-center tank spacing. Due to the cylin-

drical coordinate system, this boundary is slightly conservative for a

tank in the center of 3 x 3 tank array, and is not as good a model for

tanks on the side or corner of a tank farm. The adiabatic radius boun-

dary was varied from 51 ft to 80 ft for a 1 million gal single-shell tank

with waste 15 ft deep, generating 50,000 Btu/hr, and having no backfill.

The results of these calculations are plotted in Figure 26. The peak

waste and concrete base temperatures only dropped about 30 0F. The con-

crete wall temperature dropped about 87 0F because it is nearer to the

boundary; the dome centerline temperature only dropped 11 0 F. The 60-ft

adiabatic boundary, used for the double-shell tank model, is larger than

half of the 107-ft, center-to-center spacing because all double-shell

tanks are on an edge or corner of a tank farm (no 3 x 3 tank arrays).
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FIGURE 26. Sensitivity to Adiabatic Radius in a 3ing e-Shell
Tank with No Ventilation, a waste Solids Depth of 15 !t, and
'o, Backfill Material in Air Spaces (50,000 Btu/hr).

The isothermal boundary at 200 ft below grade was varied from 550F

to 7QOF, resulting in a maximum temperature change of less than 107
.or the 9 our temceratures of interest. This im -ies that, for practical

,uroses, an increase or decrease in the average ambient air ternoerature

above the tank would cause an equal chance in peak temceratures. How-

ever, seasonal fluctations may be neglected, since peak tem eratures

occurred only after 3 to 30 yrs., decending on the disDosal configuraion.

THERMAL PARAMETERS AND ASSLMPTIONS

PARAMETERS

The thermal parameters needed to describe heat transfer in UGS tanks

are material thernal properties, convection coefficients, boundary condi-

tions, and, in some instances, therral radiation prooerties. Heat trans-

er througn waste, structural concrete, soil, anc backfill materials is

,y conduction only. Then :here is no nackfi matarial heat transfer
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through the tank vapor space and the annulus in double-shell tanks is by

conduction, natural convection, and thermal radiation. The boundaries of

the heat transfer model are:

e Forced convection to ambient air at the earth surface

* An isothermal or constant temperature boundary at the 200 ft

level below the earth's surface

* An adiabatic or insulated boundary at a constant radial

distance from the centerline.

The base case material thermal properties used in these calculations

are given in Table 2. The thermal property values are for dry materials

and are assumed constant with respect to temperature.

TABLZ 2. Thermal Pocerties.

Thermal Densit Specifi c
Material Conductivity Heat

(Btu/hr- ft-OF) (Btu/lb-OF)

Air (in air space) 0.016 0.071 0.24

Concrete (including backfill) 0.54 1 144.0 0.21

Tnsulating concrete 0.11 i= 62.0 0.2

(double-shell tank)

Soil (including backfill) 0.25 N113.0 0.22

Waste solids (single-shell tanks) 0.25 65.0 0.3

Waste solids (double-shell tanks) 0.25 103.0 0.3

Radiation interchange factors and natural convection coefficients

are listed in Table 3. A radiation interchange factor is the "effective"

emissivity, and is a function of emissivity and the shape factor.

24
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TABLE 3. Ynterchange Factors and Convection Coefficients.

Natura,
Radiation

Location Interchange Factor ConvectionCoefficien+
(Dimensionless) - 6)I (Btu/hr-ft^. F

Vapor Space (6 ft waste) 0.485 0.22AT.33

Vapor Space (15 ft *aste) 0.529 0.22AT.3

Vapor Space (30 ft waste) 0.592 0.22AT-3

3ouble-Shell Tank Annulus 0.574 0.5AT.33

T'e boundary conditions for the top, outer side,

heat transfer model are as follows:

and bottom of the

v Iaiaoatic -adius for a si-gze-she. :an. is

i Adiabatic radius for a double-shie-l tank is 50.0 ft,

i .sotrher-nal noundary temoerature at 200 ft below earth surface

is 550

i -nMbient air temoer atire is 70C:

a Foroed convection coef icient at the earth's surface 4s
:- -1 2 . o-

A22LMPTIC N

The assumotions needed to 7ocel :-he single- and double-shell tanks
for the HEA~:NGE comouter orocram are included in the following list:

* Axisynmnetric synretry is assumed. The tw-o-dirensional cylin-
drica I coordinates) heat transfer mocels are defined in
Ficures and 2. This assumotion tends to -nake the calcula-
tions conservative by reducing the surface area through which

heat is transferred to the uooer and icwer boundaries.

* The waste material is assumed to be a 7';indrical slab of uni-

form thickness, thermal conductivity, and pcwer densitv. Actua

tanks nave layerec solids and ,arv'c deqirees of .2nuniformit,
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of thermal properties. The resultant temperatures may be some-

what higher or lower, depending on how the heat-generating

material is distributed.

s A decay rate half-life of 30 yr is assumed because most of the

heat generated is by strontium or cesium decay. This enters

into the calcultions, because the peak temperatures reported in

Figures 4 through 23 occur from 3 to 30 yr after "zero" time at

disposal.

9 All air ventilation cooling systems are assumed to be off. Cur-

rently, tanks with enough heat generation to be considered a

problem are on ventilating systems.

# The concrete in the tank dome of both models is assumed to have

the same thermal properties as soil so that the dome curvature

could be modeled. Making this conservative and simolifying

assumption results in a very slight temperature increase.

26
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APPENDIX A

SURVEY CF HANFORD TANK HEAT L ADS

A review of readily available data records was made to estimate bulk

heat loading in Hanford waste tanks. Since heat generation rates cannot

be measured directly, psychrometric data from tank ventilation systems

and some solid waste sample analytical data were analyzed to obtain the

list of single-shell tanks and estimated heat loads in Table A-I.

Psythranetric readings are generally more reliable than solid waste
analytical data (due to the number of readings), so most of the estimates

listed come fran Psychranetric data input plus an estimated heat loss by
cOnduction.

71is table gives an indication of how many single-shell tanks have

more than 2O,'0C 3tu/hr ano gives an estimate of their respective heat

cads. Pschrometric data is being taken monthly on most of the tanks

listed. Heat ceneration rate est-mates may vary from one report to the
next because more data is available as time goes on and because of the

inherent problems in making this kind of estimate.

lased on results of chemical analysis of double-snell slurry feed

and product supernatant samples, the heat generation rate of wastes to be

stored in dcuble-shell tanks ranges tpically from 0,000 to 9O,XOC

3tu/hr per million gallons of concentrated licuor. When these liquid

wastes are solidified (as in preparation for in situ disposal), the heat

generation rate would be higher by a factor of 1.2 to 2.0 depending on

the method used for drying and solidifying the waste.

A-1
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TABLE A-1. Hanford Tank Heat Loadings.

Average Estimated
Tank Waste Depth Heat Generation Rate

(ft) (Btu/hr)

101-A 28.2 20,000 + 10,000*
104-A 0.85 60,000 + 40,000*
105-A 0.57 60,000 + 40,000
106-A 2.84 40,000 _ 20,000*

103-AX 3.60 20,000 + 10,000*
104-AX 0.09 20,000 * 10,000*

104-BY 18.8 20,000 + 10,000
105-BY 18.9 30,000 + 15,000
106-BY 18.9 20,000 + 10,000

103-C 5.30 20,000 + 10,000*
105-C 4.54 40,000 + 20,000
106-C 5.96 180,000 + 40,000
107-C 10.2 20,000 + 10,000*

101-S 12.6 25,000 + 10,000
102-S 16.8 20,000 + 10,000
103-S 6.99 20,000 + 10,000
107-S 10.3 15,000 10,000
110-S 20.9 15,000 10,000

101-SX 13.8 30,000 + 20,000*
102-SX 15.7 30,000 + 20,000*
103-SX 19.2 30,000 20,000*
104-SX 21.6 30,000 + 20,000*
105-SX 20.4 30,000 + 20,000*
107-SX 3.30 45,000 1 20,000
108-SX 2.63 54,000 + 20,000
109-SX 7.78 60,000 + 30,000
110-SX 1.18 50,000 + 20,000
111-SX 3.78 53,000 + 20,000
112-SX 3.21 50,000 25,000
114-SX 6.05 70,000 T 35,000

*No Psychrometric data available.

A-2
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APPENDIX 

HEAT NG5 CCCE C-cECX CALCLATIONS

A one-dimensional heat conduction problem was selected to compare

the HEATING5 calculational method to the results of an exact solution.
The oroblem of the uniformly heated, semi-infinite slab was modeled for
HEATING5. The slab is 30 ft thiz-k and qenerates heat according to the
ecuation:

Q = Qoe-At for t a 0.

wlnere:

C, is the Initial ?-wer Density (3tu/hr fe;

-, is in(0.5)/-7; half-life = 20 yr =2.5E--5 nr

-X is -2.636E-- hr-.

t is time (hr).

The two surfaces are held constant at 0.0 0 F and the initiat slab
temcerature is 0.0OF. The transient temperatures were calclated over

a (0 yr (37,650 hr) period. Selected results of the HEATNGS calcula-

ticns are compared in Table 3-1 with the results of the exact solution

given by the following equation:(1)

C (Cos(x:/<)

Cos (2V/I/K)

2
e- t +4<Qo -) -(n 1 ' / 1 cos ((2n+1)-x/2z1)

n=o (2+I (1(2+ K /(4 Xz )))

a-
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where:

the temperature at point x and time t

the thermal diffusivity (ft 2/hr)

the thermal conductivity (Btu/hr-ft-OF)

the distance from slab center (ft)

15 ft, -t< x < j

2.71828...

3.14159...

The sumation on the right side of the equation converges within do

terms for small values of t and within 4 terms for large values of t.

The results in Table B-1 show that the finite differencing method in

HEATINGS is accurate to within 1OF in the test problem.

TABLE B-1. Temeratures at Point x and Time t for

HEATING5 and Exact Solution.

x, Distance from center of slab (ft)

t, time (hr) 0.0 6.0 12.0

HEATING5 EXACT HEATING5 EXACT HEATING5 EXACT

1.0 0.08 0.08 0.08 0.08 0.08 0.08

10.0 0.77 0.77 0.77 0.77 0.76 0.77

100.0 7.69 7.69 7.69 7.69 6.97 7.36

1,000.0 76.04 76.34 72.24 72.34 43.08 13.6

8,766.0 370.40 371.39 313.31 314.11 136.91 137.21
(1 year)

35,064.0 415.37 415.32 348.77 348.74 149.30 149.23
(4 years)

87,660.0 361.83 361.81 303.81 303.79 130.05 130.04
(10 years) _ t * II

REFERENCE

1. H. S. Carslaw, and J. C. Jaeger, Conduction of
edition, p 132, Oxford Press, Camoridge (1959).
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-:1STA3ILT CF S=,L 30TTC% 1 WA:N STORAGE TA:S

Z1'TODUCTION

In early June, instability of the steel liner in the bottom of storage tank L13-SX
was indicated by column rod readings through the risers in the top of the tank.
These measurements showed an umward dishing of the tank bottom to a height of about
4 feet followed b a return of the liner to a horizontal 7osition later in the
month. A theory explainig the phenomenon has been developed and is presented
here ±n.

2CSTULATE

Either air, vapor or liquid pressure between the steel liner and the concrete
bottom. may have caused the uard dishing of the liner. The deflection of 4 feet
is too great to be explaized .y exransion of entra=,ed aor .t as been CrC7ose
that liquii waste aked fm the charing nozzle beween the liner and tre wa~l
to cause the dish. However, a tremendous volone and weight of liquid would be re-
,uired to dish the bottom to a neight of 4 feet. The gravity flow of so great a
rolume of lIquid (10755 ft. ) equal to about 22 per cent of the voluze off waste
in the tank through a leak in the open nozzle does not seem crobable . Al.so, in-
sufficient activity was found when a swioe rf the inlet amu..us (see drawing
3-2-39517) was made to account f or a liquid leak at this poi t. Fthermore,
izawing E-2-39512 shows that the shell and bottom were thoroughly reinffcrced with
steel every few inches and that the shell was tied to tne bottom all around the
cerimeter with reinfforcing steel. Thus, altaough cracks no doubt exist in the
concrete (:art4cularly at the junction of the shell and bottom) as a result of
tensile stresses, these cracks should be of 4airline size and wculd not rovtde
a rate of leakaze of liquid sufficient to account for over 10,000 cu. ft. a-,
-ermt return of the steel bottom in a few days as observed.

On the other hand, only a small weight of liquid either as water entraped in the
grout (see drawing 2-2-39511), or organic solvent from asphalt primer used on con-
crete bottom or a combination of both could through vaporization dish the bottom
of the liner. Therefore, it is suggested that the instability of the steel bottom
in Tank ll3-SX was caused by vapor.

-s ossible that the reason the phenomenon of dishing was not observed orevious-
ly on other tanks, may be that this was the first tank in which the junction be-
tween the concrete shell and steel liner was vapor tight (see drawing H-2-39511).
It ill be shown that the forces associated with the deformations observed were
sufficient to bend the bottom of the steel shell away from concrete shell. The
question has been raised as to why this did not perit the vapor to escape? It

i)rorosed that a small amount of asphalt was forced around the bottom outer
corner of the steel liner and un to a height of 10 inches or more as show= in
7ig. 2 after the tank was partially filled with hot waste and before the varor
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pressure was sufficient to raise the steel bottom. As the bottom raised, it is
believed that the steel shell below the first stiffener moved inward, opening the
bottom corner to the vapor, but making a still tighter seal near the stiffener as

shown in Fig. 3. As the strain on the bottom increased, one of three possible

events could have released the vapor quite suddenly, permitting the steel liner
to return to rest on the concrete bottom.

One means of vapor escape would be the failure of the weld at the junction of the

steel shell and steel bottom as shown in Fig. 8. Bending stresses here would have

produced large plastic strains. When asked about the posaibility of failure of
this joint, F. a. Waldrep, welding inspector, (Bldg. 2723-W) stated that in his

opinion some part of the bottom circumferential joint would surely be expected
to fail if the bottom liner were raised 4 feet. Such a rupture would permit the

vamor to escape into the tank, allow the bottom to return and would show a drop
in liquid level as observed. However; if the bulge had been caused by liquid,
such a rupture would have made no appreciable change in liquid level In the tank.

Vapor might also have escaped from under the steel liner as a result of a blow-out

of the mastic sealing the shell, In this case the vapor might have leaked out over

an extended period of time and the steel liner could still be intact.

A third method of vapor release would be the buckling of the lower stiffener, per-

mitting the vapor to escape between the steel and concrete shell above the level

of proposed mastic flow. In this case, the liner would be deformed with a bulge
inward where the stiffener buckled, but although deformed, the liner could still

be intact and free of leaks.

The first six following sketches (Fig. 1-6) summarize the theory proposed for the

development of the instability of the steel bottom. Figure 7 shows a sketch of

the tank after it was empty and the shell had cooled causing shrinkage and ridging
of the bottom. The next three sketches (Fig. 8-10) show the three proposed paths

for vapor escape.

DISCUSSION

A. Evidence that the Bottom of Steel Shell Plastically Deformed Inwards Away From

Concrete Shell

Various ideas regarding the reason for instability of the steel tank bottom have

been proposed. These involve a consideration of whether or not the steel shell

plastically deformed inwards away from the concrete shell. The minimum strain

inward would occur if the bottom took the shape of a section of a sphere; there-

fore, this condition will be considered first.

The steel liner of the tank bottom as built has a dish downward with the center

' 2-7/8" below the junction at shell (see drawing H-2-39,1'). Vapor pressure
underneath could reverse this curvature as a result of "oil-can" action without

additional strain, leaving the center 2' 5-3/4" above original position and

1' 2-7/8" above horizontal through corner Junction as shown in Figure 11.

UNCLASSIFD Il1
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With re f rence to i ure I:

r2 = - 1.2396)2 + (37.5)2

r2 . - 2.4792- + 1.537 + l1106.25

r 1407.787 = 567.839
2.4792

= 5

Jco4
= 0.0660397

, 1= 3.87'

2.= 2Th(567,839) ($,787)
2. Z60

Tzus an a 1-z , af , ',u- x

37.50 ft. Wi-hOut Droducing a tens .2e booP stress,

At buck1 the bottom rai'sed over 4 feet.
be ;roduced if the buckled condi-ion also nrcduced
12.

across a :a=! rad. i of

The =fnn.um s in. wctLd
an arc as shown In Figure

With reference to Figure I!2

= fr. - 63 + +37 .5

-P11 5 235 375'
0

3-4n Ia- 37-5
235 .675

= 0.5898

12 = 2T(235.875) (9.1476) = 37.659 ft.
360

1 37,659 - 37.532 = 0.127 ft. or 1.524 inches

The strain involved (uncorrected for therzal exnansicn) in increasIng the
bottom dish to 4.25 ft. at center is 0.127 Zt. or 1.524 inches. Fart of this
strain il be taken u2 by thermal ex-ansicn as the tarL bottom heats u-P from
an ambient temnerature of approximately 6CcF to the tank bottom temperatire of
spproximately 230'? or

UC:IS Z:F=D

Ti- 57274
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37.532 (12) (230 - 60) (0.65) 10-5 0.498 inches

1.524 inches total strain
-0.498 thermal elongation

= .026 inches

Thus a L , of 1.026 inches remains to be accounted for by elastic or elastic

plus plastic strain. To estimate the magnitude of the stress if the strain were

all elastic, consider a diametral strip of 1 inch width across the tank bottom.

The unit strain e will be:

e = 1.026 in. = 0.002278 inches/inch
37.532 (12)

f = 0.002278 x 30 x 106 = 68,340 psi

Thus, a stress of 68,340 would be produced if the bottom of the vertical shell

remained in its original position and if the strain were entirely elastic in

the tank bottom. This is impossible since the elastic limit of the bottom is

about 30,000 psi for the steel used in the tank. Furthermore, long before the

elastic limit in straight tension would have been reached in the bottom, the
shell near the junction would have undergone permanent strain as a result of

the high bending stresses produced. Since the spherical dish assumed would

produce the minimum strain, there is no need to calculate the larger strain

which would have been produced if the dish had a shape such as shown in

Figure 6. It must be concluded that the bottom of the shell moved radially
inward to relieve the strain produced in the steel bottom as it bulged.

B. Calculation of Pressure on Vamor Below Dish

The pressure on the vapor believed to have produced the dish may be calculated.
A comparison of this pressure with the vapor pressure corresponding to the

temperaturQ at the bottom indicates whether or not vapor could have existed.

By a balanca.of forces, it is apparent that the pressure on the vapor must be

sufficient to-equal the sum of the pressure caused by the hydrostatic head of

liquid, weight of steel in bottom and the hoop stress in the dished bottom.
The column rod measurements showed a 4'1" rise at the south 12" riser where
the indicated liquid level was 14.7 ft. and the sp. gr. was found to be 1.32.
This actual depth of liquid therefore was 14.7 - 4.08 or 10.62 feet. Other
measurements showed a rise of 4'2" at 8 feet radius, 411" at 12 feet radius

and 36-1/4" to 40-3/4" at 20 feet radius. No measureme4ts were made at a
greater radius. It will be assumed that the restraint of the shell prevented
any significant rising of the bottom near the shell wall.

UNCASSIFTID 113
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Since the hydxostatic head maries across the diameter of the tank, the

pressure caused by this head will be calculated by dIridig the total feight

of supported liquid by the bottom area. As an approxtion the height of

supported liquid -ill be taken as 10.7 ft. out to a radius 17.5 ft. The

liquid above the bottom at the shell wall will be 1.2 ft. less t.han 14.7
ft. or 13.5 ft. because of slope of bottom (see dravin H-2-39511). The
curvature of the bottom from a 17.5 ft. radius to the shell wall is unknown,
therefore an estimated average depth of 11-1/2 ft. will be used for liquid
In annulus, or:

Weight cf Liquid Waste

L7 (17.5)210 .7 +7?(37.5 2 62.4(1.32)

(10,300 + 40o.CO) 82.4 = 4,180,C00 lbs.

Weight of Steel Bottom

60,00C lbs.
4,240,0C0 lbs.

?ressure from Gravitat:in Components

p.. 4,24.0,CCO lbs.

T,(37.5 -, in

= .36 psi or '.4 tsj

The nressure, 2-, caused by the boop tension in the bottom must also be added

to the gravitational component. The D/t ratio for the steel shell is so large
that restraint -o bending as a result of shell vu.azure will be neglected.

Since a 5" x 3.1/2' angle stiffener exists only 9" above the bottom and oro-

vides a fulcrum the maximum bend=ng moment (except from discontinuity at the

junction) will result from cantilever action over the angle stiffener as

shown.

Assuing- the yield point (taken as 30,000 psi) cf
stiffener has been reached, f = 20,CC0 psi

I

the mid steel over the

6 M or M = fbt2

b t

For a unit strip of shell (b = 1")

M =(,0 lb,/sq.inn.)(.)3/ 1-.)2

UMCLASS FMSD
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Also for cantilever action (1 = 9")

M = Pl

P - (30,000 lb./sq.in.)(1 in.)(3/8 in.) 2

(9 in.)(6)

HW-57274

= 78.1 lbs. per linear inch

Therefore, hoop tension in bottom is:

f = P = 78.1 lb./in. - 217 psi
t 3/ in.

The estimate of the pressure on the vapor created by a hoop -ension of 217 psi

in the dished bottom will be treated as a section of a sphere.

With reference to Figure 12:

r = 235.875

For section of sphere

p 2 = 4(f)(t) = 4(217 psi)(318 in.)
d (235.9) (24)

= 0.0525 psi

Some additional restraint will be caused by curvature of shell and strain at

the 'junction. Therefore, pressure due to hoop stress will be arbitrarily

taken as 0.4 psi.

The total pressure on vapor is pI + 2 =

6.4 + 0.4 = 6.8 psi gage

or 21.5 psi abs.

C. Comxarison of Measured Temerature with that Required for Production of Vapor

Under Liner

The specific volume of steam at 21.5 psi abs. is 18.72 cu. ft./lb. and the

saturation temperature is 232*F. This temperature is within expected agreement

with the sludge temperature measured to be approximately 230*F. at the maxim-m

dish. Therefore, the vapor will be treated as pure steam. However, it is quite

probable that some small amount of organic vapor is present as a result of

using on the concrete bottom an asphaltic primer containing a solvent (see

specification HW-4957). The effect of the presence of an organic vapor would

be to lower the pressure and therefore the temperature of the water vapor as

4

-. - *e-.., - - . - . .

- A - - .- - - -~...:
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a result of partial pressure relationships (Dalton's Law). In either case
the temperature as measured a- the bottom of tank would be adequate to pro-
duce saturated vapor with sufficient pressure to dish the steel bottom.

D, Volume, Weight and Source of Water which Might Produce Vanor Causing Dishing

The volume of vapor in the dish is estimated to be equal to that in a cylinder
4 feet high and 17.5 feet radius plus that in an annulus 2 feet high with an
0.D. of 37.5 feet and an 7.D. of 17.5 feet or

Volume TT'(17.5)2 I + T1 (37.5)2 - 17-52)2

3845 + 6910 = 10,755 cu. ft. vator

Wt. = 10.755 = 575 los.
1..72

7ol. lic2id water = z75 9.2 u. ft.

The 2-inch layer of grout (see drawing ;-2-l9511) wculd be a oossible source
of 'iquid water. The weIghz of grout under he -ank boior is:

Wt. grout TD) (75)2 x 2 x 150 lbs. = 1I0;5CO lbs.
4 U Cu. Ft.

The weight per cent moisture loss in grout to produce vao!or would be:

575 lbs. x 10C = 0.52"
LIO, =C lbs.

:t atpears reasonable that heating of the grout might release 0.52 per cent
water since the grout is made with a hydraulic cement and usually an excess
of water. if the tank liner was installed and made vapor tight at top seal
(see Section 250 of drawing a-2-39511) before the excess moisture had been
driven from grout, it would remain trapped. Ripples have been observed in
bottoms of empty tanks. Heating of tank bottoms and trapped water to temper-
atures less than 230*?. might explain such rippling.

. .uestions Raised Against the Vapor Theory of Bottom T1nzability

In considering the cause of bottom instability a number of questions have been
raised against the vapor theory. These are:

1. Why was the vapor retained under the bottom rather than escaping
up side between liner and concrete shell?

2. When the steel bottom is raised slig!tly by vapor, the heat trans -
fer through the bottcm would be reduced whizh should result in con-
densation of vapor and collapse of bulge. :f this IS true, hoy can
one account for a bul-e 4 feet high in the tank bottom!

UNC .LIFE *
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3. A material balance was made on solids in tank based upon specific

gravity measurements. These calculations indicate a considerable

loss of solids from tank. How can one account for this loss with-

out assuming a loss of liquid from tank?

4. Why would vapor produce a bulge as observed in tank 113 on SX farm

and not in tanks previously filled?

F. Possible Answers to These Questions

1. It is believed that a possible method of containment of vapor has

been described under item 2, and in Figures 1, 2 and 3. The flow

(10 inches up shell) of mastic under pressure and heat from initial

waste charged would provide sufficient gasket material to make a

vapor-tight seal. However, there must have been a gap between the

concrete shell andsteel liner to permit flow of mastic. Probably
such a gap exists since the concrete was poured in successive in-

crements of about 6 feet around the steel shell vith the latter

completely filled with water. Consider the stress on the lower 10"
of the steel liner at the time of pouring the concrete:

Internal hydrostatic pressure from 30 feet of water

= 30 ft. x 62.4 lbs./ft.3  12.99 psi

144 sq. in./ft.2

External pressure from 4 feet of wet concrete:

6 ft. x 150 lbs./ft. 3  = 6.2L si

Net internal pressure on steel shell at bottom

12.99 - 6.24 = 6.75 psi

Hoop stress in steel shall at bottom

f = -d = 6.75 (75)(12) 8,100 psi
2t 2(3/b)

Unit circumferential strain on steel shell

e = f - 8,100 = 0.00027 in./in.
E 30 x 10

Total radial strain, Z

, = 0.00027 (37.5)(12) = 0.122 inches

UCLASSFID 117



IHC-SD-WM--TI-406 Rev. 0

Thus, the zap between the steel liner and concrete shell probably
exceeded 2/8" after water was emtied from the tank. This would

be sufficient for mastIc flow in a heated tank.

2. The degree of reduction in the heat removal from bottcm of the con-

crete tank as a result of vapor formation between steel and concrete

bottoms can be calculated.

From Perry's Handbook the following values for therma. conductivities

were obtained:

c for stone aggregate concrete = 0.54 BTU/(hr.)(sq.ft.)(*?/ft.)

k for grout (1:4 portland cement and sand) = 0.4

k for asphalt = 0.23

k for steel = 25.9

The resistances to -eat transfer are equal to the tic esses di-ided

by the respective conductivities, or:

for steel: resist. = 3/ = 0. 0012
25.9 (12)

grout resist. = 2 = 0.378

(0.44) (12)

asohal resist. = 3/=0.0= 3
0.43 (12)

concrete resist. = I ft. - 2.352

Total resistance to thermal conduction
through tank bottom before Liftinig of = 2.3C4

steel liner

If all of the steel bottom is raised to leave a varor szace between the

steel liner and the grout, the resistance of the vapor to heat transfer

vill be added to the resistances previously present. it is estimated

that the combined heat transfer coefficient for the vapor f or heat trans-

fer by both radiation and natural convection is about 1.0 BTU/(hr.)

(sq.ft.)(*F). This is equivalent to a resistance of 1.0 since the

resistance is the reciprocal of the coefficient. Thus, if the entire

bottom is raised. the thermal resistances increase from 2.30 to 3.30

and the amount of heat transferred woud be reduced by about 1/3.
Hovever, the original curvature of the tank bottom would result in

reversal of curvature at first (see Figure 5). Then the greater

hydraui'c head at the annu2.us as compared to the center of the tank

vill tend to teroetuate the bubci share as shown in F?,ure 6, leaving

UNCLASSZ' ED
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the annulus of the steel bottom in contact with the grout. Since the

annulus might contain approximately 50% of the bottom area, the average

resistance would be increased to approximately 2.80. The percentage
of the original heat transfer would be (2.30/2.80)(00) = 82'. Thus,

it is believed that the added resistance of the bubble of vapor is not

sufficient to stop the evolution of vapor from the grout.

3. In regard to the material balance, it must be recognized that the dis-

tribution of solids in the tank is not uniform because of the accumu-

lation of sludge near the bottom. Therefore, it is not possible to

make an accurate material balance based on the specific gravity of a
sample taken 3 feet above the tank bottom.

4. There is no single answer as to why vapor may have formed under the

bottom of this tank to produce a bulge and did not do likewise under

other tanks. It may be that this was the first tank in which a vazor
tight mastic seal was produced. However, some other tanks may have
dished without detection. A lower temperature during initial fill

would prevent dishing. After complete filling the hydrostatic head

is so great that there is less probability of vapor formation below

the liner provided agitation is sufficient to nrevent excessive

temperature build-up at the bottom of the sludge.

G. Suggestion for Changes in the Design of Waste Storage Tanks

Whether or not the instability of the bottom of tank 13-SX was caused by vapor,

by liquid, by thermal expansion, or by a combination of these, is more or less

of academic interest. The important consideration is that this type of failure

should be prevented in future tanks by appropriate changes in the design.

If a modification of the present design is to be used in future tanks, it is

recommended that a suitable vent be provided to the interfacial zone between

the steel liner and the concrete bottom so as to allow for the escape of either

vapor or liquid that otherwise might be trapped. Many designs are possible that

should provide a satisfactory solution to this problem.

Another change in design should be made so as to provide an allowance for

thermal expansion of the bottom of the tank liner. Earlier tanks of BX design

(see -drawing H-2-602) and M1 design (see drawing H-2-802 or see report by

E. F. Smith - HW-37519) had two features -that allowed for thermal expansion.

First a layer of mastic and gunite on the outside of the steel shell permitted

some expansion of bottom and shell before being stopped by the restraint of the

reinforced concrete shell. Second, the four-foot radius at the lower corner

was particularly useful in transfer of compressive stress in the bottom liner

around the arc so as to relieve the stress by lifting the shell of the tank.

These were good design features which were eliminated in the SX Tanks (see

drawing H-2-39511) and the Purex Tanks (see drawing H-2-55911). If either

a radius in the lower corner or the mastic had been retained in the later

designs there would have been some provision for thermal expansion of the

bottom steel liner relative to the concrete tank.
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There is nothing wrong with a design of a steel tank with a c-mletely flat
bottom and a 90 degree junction at the lower corner, crovided the shell and

bottom are free to extand and the bottom is vented so as to trevent collecticn

of trapped vapor or liquid. These problems are of special importance when the

tank is filled with hot fluid having temperatures above the boiling point of

water.

Welded steel tanks with flat bottoms and 90 degree Junctions built according

to the stecifications of API Standard 12C have been used with great success

in the oil industry. There is no known report of instability of the bottom

of these tanks and the bottoms are usual'y 'ree of trouble if set on properly

prepared pads of sand or gravel over a sound foundation. Such tanks are often

charged with hot residual stocks having temperatures higher than those observed

in 113-SX. The sand or gravel pad is porous and permits the venting of any

vapor that might be produced under the tank. Also, the tanks are free to

expand radially.

3ravel might be used as a vent under the bottom liner of future waste storage

tanks at sanford. One oossible design is shown in Figre . Fzaire 13 shows

a sumn in the center of -he tank bottom which would collect any iquiid which

might leak from the tank. If a tank liner develoned a leak a suitable monitor

probe placed in the sump could be used to warn of the leak and allow emptying
of the tank. Either vapor of liquid could pass thrcugh the porous bed of gravel

(35 to 40 per cent porosity for uniform sized stones). This would prevent a

build-un of oressure under the steel liner on the bottom.

Circumferential baffles of extanded metal could be used to Prevent radial
shifting of the gravel while the steel bottom liner is being laid. _Radial
sheet metal solid baffles leading to the sump could be used to divide the ;avel
Ced into quadrants. :n case of a leak, this tihn be useful in locating the

quadrant of the leak.

it is suggested that the vent from the sunp might consist of an eigh inch X-

pipe resting on a bearing plate on the reinforced concrete. The -ipe would be

perforated as it passed through the gravel section so as to vent vapor and

liquid. Vapor could be vented above grade from the top of the pIpe through a

low pressure relief valve and collected in a small tank for inspection and
monitoring before release to the atmosphere.

A steel liner which fits tightly inside a concrete shell provides no Means for
differential thermal expansion. Such expansion can res"t 4n high compressive
stresses in the steel liner which may produce elastic instability. Instability
is particularly likely to occur in the flat bottom of the liner resulting in

rippling of the bottom. This is more apt to occur in designs in which the

Junction at the lower ccrner is 90 degrees as in the SX Tanks than in designs
in which a radius is used as in BX and MC Tanks of earlier desIgn. Zmpt tanks
on the SX farm have been observed to have rippled bottom liners before filling.
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A hydraulic head would tend to flatten the ripples but fillng with hot waste

would tend to increase the degree of rippling because of the restraint of the

concrete shell. Under certain conditions this might cause rupture of a Joint.

The severity of the rippling is believed to have been demonstrated by the in-

stability of the bottom of Tank 113-SX after it was emptied. It is suggested

that the restraint offered by the concrete shell be reduced by a return to the

use of an asphalt expansion joint between the steel shell and the concrete

shell.

The suggested design shown in Figure 13 has been given only preliminary con-

sideration and is only one possibility of a means of improving the existing

design. Several other designs should also be considered.

One obvious design that would eliminate some of the faults with existing

tanks would be to simply set a steel tank similar to one meeting specifica-

tions of API Standard 12C inside a concrete tank of present design with a

clearance between shells and a porous pad between bottoms. Such a steel

tank (of proven design in the petroleum industry) would be capable of holding

the hot waste by itself provided it is protected from exZernal pressure of the

earth by the concrete tank.

E. Possible Procedure for Preparing Tank 113-SX for Reuse

The bottom of Tank ll3-SX has undergone such a series of severe plastic strains

that it must be assumed that some of the welds in the bottom or at the junction

with the shell have failed. If the tank is refilled with liquid, slow leakage

will probably occur through the concrete shell due to small tensile cracks in

the concrete. The mastic on the bottom should prevent leakage through the con-

crete bottom.

The ll3-SX tank might be used again for storage of radioactive waste if a new

bottcm liner could be placed in the tank. Since it probably is neither possi-

ble nor practical to decontaminate the tank sufficiently to permit a welding

crew to enter the tank, some other method of repairing the bottom must be 
con-

sidered.

It is suggested that a new bottom consisting of concrete and asphalt be in-

stalled remotely. The following procedure might be used. The present rippled

bottom should be flushed and pumped out as completely as possible. Then it is

suggested that a layer of wet "ready mixed" concrete one foot thick be 
sprayed

through hoses as uniformly as possible to cover the bottom. This layer of con-

crete should be allowed to set so as to hold down all contamination possible

before applying a second layer. Successive layers should be applied until the-

present rippled steel bottom is completely covered and a nearly uniform flat

surface has been obtained with a free-flowing cement mix. The concrete should

then be allowed to cure and any excess surface water evaporated by blowing hot

air into the tank and passing the exhaust air through a filter to collect any

solids with contamination that might be blown from the shell walls.

UNCLASSIF IED
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As an alternate to this procedure, about two feet of gravel m,firs;h, e

sprayed around the tank as unif ormly as possible to level the bottom. The
gravel could then be covered with about a foot of concrete. This would pro-
vide some economy in concrete required.

The dry slab of concrete in the bottom wi'l not make a liquid-tight seal with
the steel shell and will produce a number of cracks across the bottom as it
ages. To seal the junction with the steel shell and also to seal cracks in
the concrete, 1.t is suggested that the entire bottom be sprayed with a high
melting asphalt cut with a non-combustible solvent. Because of the zr=egular
surface of the unscreeded concrete, an asphalt thickness of one to two inches
may be required. Into the asphalt about two inches of pea gravel should be
sprayed to provide an aggregate strong in compression. The solvent in the
asphalt is removed by blowing hot air through the tank. Then, on top of the
asmhalt and gravel, another six inch slab of concrete is toured to nrotect
the two inches of asthalt which provides the true seal in the new bottom.
The pea gravel in the asphalt prevents the asphalt from being squeezed out
by ccmpressive forces. The 'protective six-inch slab of zoncre'e shvuld be
escecially crecared with a formula providi:g :naximun resistance to attack
b: the waste solutions, The above drocedure should termit reuse of tank
113-SX with a loss of about ten per cent in capacity. f it is decided that
this tank should not be subJected again to hot fresh wastes, it is suggested
that It be used for storaze of old radioactive sludge. These sludges have a
tendency for sel'-sealing, and therefore would be less 'l'cly to leak from.
the tank if some small cracks developed in concrete and asphalt seal at the
bottom.

Suggested Procedure for Avoiding Future Difficulty in Filling Existing Tanks
n SX and Pure Tank Farms

Excessive rinpling in the bottom of these tanks (which have no al".owance for
thermal expansion) should be avoided by first charging the tank with a
of old waste in the SX tanks and water in the case of the Purex tanks. ;t is
believed that this heel should be at least four feet to hold the tank bottoms
down.

To avoid or at least minimize the formation of vapor under the tank bottoms,
it is suggested that bottom temperatures be controlled at the lowest possible
temperature. Agitation using existing air lift circulators and dilution may be
used to control the temperatures in the tank. Effort should also be directed at
minimizing sludges which can give rise to high temperatures due to the low heat
transfer coefficient of these sludges if allowed to settle into a bottom layer.

J. Sugiyested Reuse of Empty Tanks Built Before 1949

As a result of recovery of uranium from old bismuth ohosthate wastes many of
the early tanks are now empty or nearly empty. According to report FW-37519
b-r E. F. Smith a total of 54 such tanks with a total capacity of '5,50C,O D
galons were built Cetween 1943 and the end of 1949. Many millions of zallzns
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of storage capacity valued at many millons of dollars remain in these tanks.
However, this storage capacity is not being used at present partly because
these tanks were not designed to handle the boiling wastes of high specific
gravity now being produced by the Redox and Purex plants.

From the consideration of bottom design these early tanks are superior to the
SX and Purex tanks now being used for this purpose. However, as shown by
E. F. Smith (report HW-37519) these early tanks were not designed to with-
stand internal vapor pressures and should not be used for vapor pressures
over 1.8 to 2.5 psig.

Since the storage capacity in these tanks has a replacement value estimated
at many millions of dol'ars, it is proposed that consideration be given to
modification of these tanks to permit their use at higher vapor pressures.
The following procedure might be used to lower radiation levels,

The heels of waste in the nearly empty tanks should be pumped out and the
tanks flushed. Then the tanks should be partially filled with several feet
of water to trovide additional shielding from residual sludge in the bottoms.
It is believed that this will reduce the radiation level on the outside of
the concrete to permit reinforcing the tank with steel.

The reinforcing in the concrete shell is the present limitation to the per-
missible internal vapor pressure. Increase in vapor pressure will have no
undesirable effect on the tank bottom since it acts as a compressive load
on a bearing surface. In fact, such a pressure on the bottom could be bene-
ficial in preventing rippling of the bottom liner as a result of thermal ex-

;ansion. Likewise an internal vapor pressure of 10 psi or less will have
little or no effect on the concrete dome. This dome carries a dead load of
several psi as a result of the fill placed on top of the dome. Thus a force
(vapor pressure X area) equal to the dead weight must be reached before there
is any reversal of load in the dome. At a vapor pressure of 10 psi there is
a possible lifting of the dome and overburden by the vapor.

However, in the case of the shell it is not safe to take credit for the pressure
of the fill against the concrete shell in setting the permissible internal pres-
sure. This is because a previous expansion and contraction of the tank may have
left a void between the concrete and the fill. Since we cannot depend upon the
earth pressure to resist the internal vapor pressure and since there is in-
sufficient hoop reinforcing steel to contain both the hydrostatic pressure and
the vapor pressure some means must be provided for strengthening the reinforced
concrete shell.

The concrete shell contains both hoop reinforcing steel around the circumfer-
ence to carry hydrostatic hoop stresses and axial reinforcing running vertically
to carry the bending stresses caused by the pressure from backfilling. If the
upper corner and lower corner of the concrete shell could be considered fixed
the shell could be treated as a uniformly supported beam on end. In this way
the existing vertical reinforcing could be used to carry the shell vapor pres-
sure loading not carried by the hoop steel in the shell.

UNCLASSIMF
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To make use of the vertical reizforcing steel for this mur.ose it is -roposed
that steel hoon rings with turnbuckles be placed ar-und the zUt3ide of the

concrete shell near the top. The turnbuckles could be tizhtened so as to

remove slack and place a slight compressive prestress on the top of the tank.

An article on the desin of prestressed concrete tanks by Mason of U. S. Navr
(reprinted by Portland Cement Assoc.) describes the procedure of attaching and

tightening steel hoop rings -to the outside of concrete tanks.

The reinforcing ring would be expected to carry half the vapor pressure load

on the shell less that which can be carried by existing shell hcop steel if

we neglect restraint offered by the done. The junction betveen the dome and

shell carries very little vertical steel to avoid d.scontinlity stresses.

This 2rocedure of reinforcement (if considered feasible after further study)
could be performed by a small crew of steel workers after excavation to about

three feet below the ton of the concrete shell. ThIs should oer=it fill Ig
the tank with boiling wastes and operating at vapor 'ressures up to 10 psi.

SiOCO to 15,jCCCC gzalons aza:4ty mi-ht be reclained

in this nanner a savinzs of pernaCs ,CCO,CCC ould be realized in new tank

cCnstruction.
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Seof filtered supernsts into t%- sil vmZLd =m result in
-apezutures at the :ozcreta-sc interface that vould casum d-
to te stzuature.

8. E so.Lution virs -.=oved or lost from tbe tank and the Sludge llcwd
to drr, temperatures in *cs of 10,0CC 7 could result.

9. = ths sludge vers overtAmted, it vculd denitrats And expel 32 SA'
and later release f±ssion products at M izbr temperatures.

10. Under all emergncy conditions a release of rsdioactivitYZ to tI

groundvater vould be lss serious than a release to atmosphere since
the sorption capac-ty' of the :oil vculd del&7 the movement of r&d±o-
ac,*7ity to the edge of the reservation until most of it had decayed.

11. e ;ctential hazard to the environMnt and he A± .- ulty of einptyin
- tae naJ& would decrease witt :L- a' tha .ision rodu-t- decay.

Based on the conclusions of the sa ral studies, #z c-eratIng plan was dsveloped
=mbracing four xaln obJectivest

1) Control the tank sludge tamperatures und4 all ;cssibls canditions of
tank fa ure :cludng the release of lidquid to the groud;

en 2) 2rovide and =intain capebilit7 for inersc 11u3Cin4 and na
of tha tank;

3) MAntain the tank status as static as possible; and

4, 4) Continue intensive 0urye.Zaace of tank leak detection and control
instrumentti.

In the fall of 1.965 when all arrangements had been acmplsted for emergency
sluicing and emptling TZ-105-A, the behavior of the tank during te elapsed
time since the steam release incident vs reviaved. Zuring % review Various
potential hazards were considered, particularly the possibility of axtrm
sludge temperatures. A decision vas made to maiztaIn =-10r-A in i :tatic
COndi4tOfn until ;uch ti as the tank was schedulad for Waste Mnagement pro-
cassing or untIl -here was so= v odance of further tank deteroration.J

SApe-', 1967, a zyl4c liquid lovql variation began to occur. A t-pical
cycla ccnzalita of a 9-10 inch drop in liquid level in a =atter of minutes
folloved by a relatively stable period lasting about 20 hours. The liquid
level tien returns to Its original level in about a dey. No signiflcant
~ove=:t oz liner can be detected. A lngical explanatIcn for this

behavior ir 'at part of the area under the bulge altarnatea betvween a vapor
and liquid przazg .

-
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4vIdence that a hole Ias developed in *I: !ner is now read aparent.
noe ccacra vessel is '-al t crtainly cracked, but lakagp is not avident-
;robebIy because of Salt d*PC34.tion .4j the concrete cracks or surrounding
aoil. MIS for te accuWAxIon of heat--rodu-ing aclIds -=der

the bulge ith rssult.g Iocali-ad ta peratur-s as hi as !,6O 7 has become
a new concorn.

A hazard amalysis indicated that if t% ont±i tank actieved tamperaturs
ited oy by tb 2aVs of nature, *nVimIvrental contAmina=.on w=4Ld creat3

a of aczsidrabls zagp.-ds. Total. bcdy dove in oxcess of 25 rems,
or a 2-hour expcsure at 5 mles or 216 hours at 18 =Ilas f-.= the anL could

;e antizi;ated if as =uc% as 5 -ercent of tha volatilIzed rad-±omuc.Idea Iscsa;
to tbe atmosphere. A more aikly avenz icu!A 't loss of Ia or ;ax. og ,.t

taz? suipernat to tto ;round vith sludge tamperture cct=o-L affcted by con-
-,nual va-er add!itiors to ta .an. Under t±Is cordAt.cn cont i:ation of

a&ospj.1re or gund surfac* wuld -'rvbabiy zot occur, but serious groundvater
Oftaminaton Yuld result. Ecvoyer, cziU:Y. wt &e

ax-ec.ad -: zPprcach :mm drzining vatar lzm: asui-±ng a cont:1nuat±on of currtnz

-cundwater fizw ;attarzs. ConaImatizn of -- he rod and groundvtar vuIlA
be suffiient, howver, to be a malor isterrent and pcsstbly to ;reclude !xrt-

gatl on acziities in ttA vtcimty that could :zange ths Sroundater flov
;attarn under tha 200 Area platanu.

. ix ?Z.L 33TRK

min de-zai±d account of ths Vesta transftrs o and f0.. nc-10!-A and the
"suiting teqptratua-m are au~mariz*d hare aad in 7turx 1. Me ±Ist addi-
tion was made prior to tan farm starp n 1955. UiX inctas of vatar vere
added to sac% tanx &a ;rwcti.on against posabla bctt .na lizer l.ting fr
iacuum gern.aed by t* ventlation axzlaust b2.over dur.:: a1qui;=Gnt testIng.

#. watir vas adad as a ju pplmental =St. SUr tO the safst" :f:o:iad

a a i.-ino vatar 6a0. in 'tne tams :a Ver.t eadar. T!e TX- i.45-A foluq

adua.17 increased from this a 6 incias of 14iquid in 1915 to IS inczas

of liquid in may of 1E62. Tese 12 I-ches of Liugid were tho acu.=U.Atlon of
%ater add±4.iOfnS to rarious iapor sesla over a period of 7 yas8. In May of

.92, 330,CCo gallons of supernata were u ed V X-103-A into M1C5-A over

a period of 20 days. SX-105-A tamperzture tncreased f-.= 46 to 56 C as a result
of t!is aolutiom trmnsfar. On TJuLI 27, 1962, an a!.ioal lzu,XC. gall.ons of

supernate frcm T-03-A were trasferred to - auairg '-- * * increase
1z temperatuz-e. Duri.ng tte -zeri,,d f:-= JuLLy 2-1, llz,2 to December 12, 1962,
%bout i3,C;C gea.Icnna of supernate vere :-aroved fr=o TX-L-5-A for cesiun
recovery in Purex. On Decenmer 12., 1J962, abut 242,Ccc ga2.ons of T -2CI-A
aupernata vere added to T-2105-A wit a _4 c temperature increase. T.s
transfer was =Add to ;repare optium feed Ior the M103-C cnesiu= adout
feed tar,!. Aftar bitM -*.r tta uallift ::-uLJators in mC-!.OC-A,

9O.CC gal.'s or 'xernate were tranfered to te- . 3oir. t'e sclu-

trszs~~.-'.- tc:=-,
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a 10-±iot bael rema=01d. In Ja=Ar7, 1963, 330,)C0 ialls of thermally Io
tamk :ar cuudenate were added to C-104-A to !:at tta tank ard ;art±al2yprmpare 1. for aceipt al . ex sel- zg vasta. =i tan atof?u- a.L-bc1±Vs ea

to 62 C ith 330,000 allons of tank :== cendensats, and ttan
brought up to toaig tperatur at a nearly =i;:z= rate .4th full-lovel
dasto, r8acflfg bilizg on about ar 5, 963.

TDe n of MC-104-A Yas rout!=a =11 November 19, '963, vt n te tank
nas about haLf .illfd. 0a th±s data tadiaton vas ted in one Lateral at
an intensity of .7,CCC c/= increasing to 150,000 c/ aeven dayi later.
Accurate converson froz c/ to zR/h Is not passibls, but 5 =R/h is N
1a4tely equl to IN,=0 -/= for this Intrument. adiaton doze
easued from a d±ry wLi Insids t tan .as po,:C. R/h sdans tn he ie

cf ta ak to m vre , ,d on wOUnbd only 4 detected
iaver a very shori segment of ti- * Latar-9.1 .:Acen t a oac±iy of

:dion%31 atd& Qn had &prcachado the lateral. Min t n tV of stA radlatloz in
c lek dtecionlataza -. a& 04,jseyed =o gradn y iacay ,=tll Aiazmt 6,

964, wven n increase cccurred YtIc!% bel Aoescribed Later. During *.!:
portlcd l can veber, 1363, to arch, 1565, the rad.1essiv lantens z2creasod
a actor :f 3 to =prxmtl 0,:CO a/=.

*ms n=tftthat th.I tAnk Uquid lavel =d r-acilad the: -azagv of 280 imctas
; UI7, 97 a few mcnths1 before the Leai was detected. A 14"k im ,.!e sI-da
al. es postulated as a ossialIty so t tAnk liquid Level was reduced byC7lf-C nCmntUr! i o.0 260 Ia cths. A Slow daecd npe :f the radIA cn Intensity

1z tA lateral indicated th: leak od stan ped eitter because of self-ae
-. r :ecause t= iUquid I 'ava I wn a llow the lasap;o ir.t. .o spare 2±k q vere
avelaes at this time; howver on t!: basis of t.0 avallabl* jaa, it ,r-

ab v ould bAve been considered ;rtidenm to ccztinue f!lin 1 TM - a-mn
Ab aro eterba:e ,et96 available sizae only 50 ercent 4im s ca2.;&c' had,

een used. Mae currezt 3mare, TK-10!-A, vas =1t wixi'"ab at ',:: '..me I.ecause
contained 3 feet of settled slde.dt Zanford and 3avo--ot RIter experiec

a had imd-Icated that i: f 1 In of a self- heating tamk Is di_4scoat"Lzued for aay
54.6nlficant per-lod of tI.= (a few :=nths), exceasiie temperatu4res vtIll occur

Sh Settled 31,dge a-on the addi4ticn af frsh wasta to t :a lank. Pur.ex
X 01-A =n4 -M-I2-A had otn experienced tamprature txcuraionz a a result

rfadding frtzh -raste to a tank cantaizing So tled altug.

e art appesrd ta behave =or---l 'y 1n all rtspec= ts hl th az. '_1quid
j-vrl was :=:i- Vzod a, 26C inhsAnd As "a 3&Lt Inntaia adal
-creneed V'ith~ wasta addi=.-ns to tt* O'pexat:Lg L:.= alf 7.0 4

About Septambar 1, 1964, the 3alt ZCZCenrration operaz-ing 1li=t ma reac Led,
and 1-iquid I evel 4-z-axasea were ?ermit-ad at a rma t!=t =aistTO.ed a Salt
-ancentratica If 7.0 m ardl.nm ;cn Omer 16 ,zz osu a Leank v
was :escted wil.h no evdneof amy zey ee a. ,i ame

I t .... w~aa led.

,
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On January 28, 1965, a sudden steam release occurred in 'X-105-A. T- earth
in the imedlate vicinity of the tank was reported to have trembled, and a
tapOrar7 lead cover on a riser on M-103-A was dislodged alloving steam to
vent fr= thl opening for about 30 =inutes. A vater seal in the vent system
designed to releve tank pressure at 60 innces of vater vas not blovn. Calcula-
tions confirn that the temporary lead cover on a =-103-A riser should have
reljeved first at about 3.5 inches of water pressure.

At the time of the bump, ?=ez personnel were in the :arz supportlng Jones
construction forcu vho were prepartgn to nake a f-na veld in a line connecting
MC-105-A vith the 151-Al divertar station. A :w gallons of l±qui;d vere ejected
onto the ground in the excavation. Radiation dose rates of 4C .Vh vere measured
one :oot from the spill. A rapid survey of tank faxm instruentat1cn and equp-Ient sta-tis.ald that the liquid level elactrods twpe :105-A Vit
braimn and that tho MChe-A inidtruent enclsupt at tan nA vas contaminated
to levels that resulat dae tes of CO R/a at one fo. Th natar le" s
in tb various seal Loop were f ud to be normal ith th* exceptlan cf the

1C-3-A overflow seal vtdch vas blown sounding an &a=ar iz the control roogi.
Ths seal is of minor ieortanze; its function is to provide a vapor Ise in
the overflowv casce 11-e between TX103-A and TZ106-A. No vastes vere added-
to M105-A tba day of the =Indsut except f or *azk farm condensate. A $axvle
of tazk :ar= cdansato 1.aiven the following day WAd a rsAiation Intansity ofC 8,C00 c/z compared to a norztlly observed intensity of 2CC a/=.

Ths atea relaase incident in M105-A dif .. red from preyloua steam release
-- incidents (co =only cal-led "'u=p.) in that the event occurred vtile the aIlift

circulators were reported to be in. operation. Mw event's intens±-ty appeared
to be greater also as indicated by breaking of the liquid lovel electrode andthe ejaction of dropletl of supernate into the =k'; izatruawnt enclosure.

Operating efoorts i~madiately atter the incident were concerned vith securingthe contamination and establishing sir'lov to the air1 ift circulators. A nv
liquid level electrode was installed, and the liquid level Meur.-ed with a 1i4 r--
range radiation detection instrument (Victoreen) tn ccnfi the new electrode
reading. The new electrode checked with the Tictoreen, but a k-inch discrepancy
was noted between the new readings and the expected level based on the old
electrode reading. It could not be established with cartainty whstter there
was a physical decrease vZ 14 inches in a'pparent tank inventory im addition tn
self-evaoratn "' - hether the old tame vna bissed by 4 i1he, la
detecion vells and laterals were monitcred, but no changes in radiation
status were noted.

in 1.he absonro of a-- id-c-tiflad zaas vZ the incident, it 'ad to be 553um d
addi-cnal r' -.z releases or bumps could occur. Two 1-ediate cources ofaction erm xud-; One w4as to ziim4e te cential 'or it d toacculationof 9uperhe-a-. in ;,c liquiri, vti zu a-uza m &L iunal izctdaenta, through

143
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the ±nstalation of a supplemental ai sparser.. Mw second vas to izslall
instrmnts to define the =antude and rate of the energy relsase durilng
any subsmquent incidont.

An air sparser ma fabrecatad .or instalatio in l tanki4- il Facuum
breaker r.ser - as* 71ire 2. ?zvever, -rior to inata laticn, -t was Idcdd
to probe tts area tolov t e riser because several mt% earl-ier an obst 4ction

had been encountered ':elow this riser durIr~ a routiza 3ludge de;,= mossurn--amt.
Tis probing ccnzi.-ed that an cbs t.ctLcn did exist about a teet above t!e

normAl positon of the tonk bot-.=, and that the obatr:-IIn could not be avoided
by thw relatively- !Argo :.taarl movement pormittd at the end of tha 40-foot long
;robe by the clearxnce inside the 4- ncb riser pi;*. Attaepts to ins,. . sup;a-
mntal air sparging vim tlen abandoned, and the airfcvw to th existing cixcu-
ators increased to zaaidm rate.

I , A lzltonn of the meagnitude and rats if anerrr ,iece & : 2_ sut equan
zcide wa needed to put :ItIre =-ICI-A contz1 act-'i41as in appropriAtE

-prspective. Should t* i incident.i contziue and if aeris a d± t4onal daIagu

o t!7 tank stracture wore a posu:b±.ity, ccst.z and cnvetn J wce ve
act±ons vouId need to be considered. T6do :cxy inst=enta, s',ittr and a
past respense pressure recore-r, vere located onsite and instal:4d on
to obtaim the required infaI .

With the tank behaviz. norgay, special monitorng imstrents -n service,
&I intansilfed tank Iuriyeiians in etfcto =t future unsual rank

-R= t;OrOU 1 nginaertn evaMtIOn of t-4e imncide and lts p
-- 4o= as Initiated yitL aeclnical suppert fro ?scafic Nerthwust LaborxtoryI

-- Mis ovaI m vas to =_Iuds deIi of the 4ank's tzu4tura. c=ndito.,
;robablm cause of tank refo tion, and ctentia r nsequnncus of _V_

aIk = into ::8 Sol or overheatlng or the vetletd 1 ,2. Az =j *ro ;ro-
, eetly ametgs were Ald betwen cperations and angIneer-Izc perscnnei
t.n pres he rIIof te t.S -A5 to ecame

lVai bs6. On a continung basis, rmyisiOnA to tank farm equ:met ysteml,
addition of backup systems, zasngea in operatizng procedures ani initiation o
addItIonal, studies vere =ade as quickl, as the need Could be den±tfied.

7. Ar\yI cy AIMX cc:DIIOise-t.fgat '.on of =a tank's =ento r wsttua and sut=a-:. sac'
atar-,ed by torIul intspection --f t:e 5=3t=6 tat. 2 r

Is aqui;ped 41 hwo dip tUbes to dat mine =oLutlo= f.oV from s easurtd
;ressure di:Irtial etween -he .ntide and outside of the crculatcr draft
tube. In addition the cirzlm has a -i1d .; tube to measIre superrate
specifio 'ravity. StatIc ;ressure readinga on -. a J1 and ;2 ziroulatzrs were
Much 2.ovmr (see Ta'la 1) -. !:an exected ± dicating ttat a1 of the ±;1ing to the
:ircu=lator * broken Or t t.e O±ru..tC:3 Jere .0.±C-a3 eWveted abouZ
6 feet. :=Uecre ait aur-_=ntz =n _.0 :;! :xru.Lator -,as viii

caring .tat 4 sia: J4.tar ,etwdaan the z ubes :zd crad;e-r
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o~pection of the two installed temperature instruents ShOcU in Figure 2
Indicated normal aludge temperatures. The tampersture bulb located vest of
the pump pit is a zing!e zessurement point near the tank bottom, and the
thermcouple probe located east of the -ump pit contains several thermo-
couples at vaxious elevations includiing one near the tank bottom. To posi-
tively establish that sludge temperatures vere in control, a tamprar set
of three thermocouples was inserted in the dry wel north of the pump pit,
and a thermocouple was attachad to the bulb in the ta perature -dll vest
of the pump pit. All four temperature measuremnts were nornal - about 130 C.

Monitoring of the three leak detection laterals under the tank and the 7 leak
detecton Wells along side of the tank did not initially reveal any utxpected
indication of ad.i.active contamination. The location of rad'ation in the #3
lateral and its iztensity remized unchanged at 50,CCO c/m as discussed earlier.
2owever, an Ylarch 8, about 39 days aftcr tha steam -slanse incident, the radia-

oz iz the jk3 lateral Increased by a :actor of 60 and then remalned -conxtant
.1 -&dUatlon lacrsases vere detected in the other lateral& or the vetclVells.

TMrse test wells were drillad slong side of the tank diz-ectly over the !Aarml
that Indicated leakage. One vell vas drilled to a depth "s65fet and tarminated
at the same depth as the latorals.10 feet from the high radiation reading in the

.3 lteral. No radioacti-e contamination was detected in the soil samples
removed from the test wells, and the ma.x-mum te perature in the test well vas
2C6 7. Theas data indicated the leakage was small.

To gain insight into conditions under the bulged liner with respect to the
accumulaticn of heat-producing aludge, a special probe was built to map the
twperaturhs in the leak datection laterals. As expected, the temperatures
increased as the probe passed under the tank and began to decrease as it
approached the other side. 7or Tank 105-A, the #3 lateral, vhich is the one
--:at had intercepted acme leakage, had the hignest temperatures, with the

rwaxn temperatures (310 7) found to be about 90 feet hcorno"t"lz from the
caisson. Periodic measurements of the meI lateral temperatures are shown
in ?igure 3 and do not indicate any heat accumulation under the bulge.

Consideration was given to the use of sonic, u.ltrasonics, and neutron thermali-
zation technique go deter.mins if liquid, vapor, or a combination of both oxist
under the bulge.N A3.t4er preliminary evaluation, only the neutron themalization
technique appeared to be applicable. With laboratory testing and mockup it was
cancluded a :)robe at least 12 i4nchas in diameter wculd have to 'as lovered Into zv
!nt'ate contact ith the liner, and th-, '+a "C 'culd be L! -tad to a deth
of !2 inches below the 1Iner. These :-Ind-Ings weetco ;eszlnlstin 10 proceed
rith a develojment program, and wnrk an this app-roach vas tc----nated.

The iatansityf of the steam relmase incident suggested that -,erhaps acme gas
phase reaction had participatad I= the,. event. Hydrogen :crmed ' y rad-4olysis
is norm all- ept from the tanks with the steam i"" -I±2.lin. en
samples were era :rm -1Z-3-A rhich wad the eaast activ- tank In terms of
air or aean u After *r condensa-uion, xas arat.ylef; were_ a4: and -__ 7,abla gazes ,qu-e detectab-e.
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Th- postulated tank line~r nstabilit7 mechnss were qickl7 reduacsd to tvo

modes- 1) restraint exertad by tha d±ffarential teral expansion between tbe
co,1+ -Idr d the 'ot-tcm 2.ne? plate; *'d 2) liftng of tbs liner plate

by vter vapor tiapped betwen '%e bottOM line and. co=Gnree. kneerina

&lCUIAt±05 on the effacts of theziLn expansion clearly showd toat tbe

btt= liner would be stable uder a bdrostatia bead of 14-15 psU, and toat

differetal tra5 expansion could Mot cause an 8-foot deforation if ton

tank wero empty. ?or therzal expansion to be the primary cause, the steel

plate vould have to receive its bucklng load f= bearing against the concrete

VWa thus causing a fixed condtion at the "T" loint betwen the cyli.ar steel

and batt= steel plate; ttortfore, any deflection seen by the ;lat* yVuL have

to f : dfferentiAl terwal expansion and not be supplented by covent

of the steel cyuld r. Under these coditIons and vith toe tank empty, a

Sbo.tt. w uplit of appro3=tel7 1.9 feet could rel±Ov% the theril forces. Up-

lif by steam 7rssur betwen the st--el liner and the conornte appears to be
b& ;erimary cause of l1ner deforzatIoU, VVIN *.ma %X;ACSio contributing

tIa2y. 3quationh to deterj±nS the critical bink" n = stresses vere taksn

fm the "Handbook of -ucraL tability, Part u '4 and the text "Teor7

of plates and Shells." tions show hat the fl s-foot lner dis-
placemint could be achisved' only if the cylinder vaV dofozzed inward up to

the first stif'anmg ring located twO feet froz the bottcm. The nonszymtrical

buckling as vitnossed in M-1C5-A is nq uncron. This ;hnnbnf has been

described by A. jap1an and L. C. ?ung.w) Also, as shown in 7±gure 2, toe

position of the dry ve.U. in -l105-A =y-have influenced the cons.m'ntrical

bi.ankmixg de.-

A previous ana1 s of $'e M- Z fsilre su r te postulate of the

buckling load being derived fIo, sntrped stem.U Before bulging by

stam Pressure could Occur, wItAZ dould bave to sc=dmulate betuen toe steel

-iner and the concrete, and a sludge temperature vould have to be sufficiently

high to produce a rapor pressure eeeding the bY'rostatic head of liquid in

o tank. 3oth of those conditions vere shown to be probable. During startup

of the tanks ix the AZ Ta.k arm in 1965, vater was driven out of the concrete,

collected by channels and accUulated in leak detection vels. Volumes amounting
to se-gral hundred gallons vere col:Lctad fr=TX-IC3-AX and MC-I4-AX. 'm

A-?az& no channelA or leak detection wells were provided fur this water to

escape. :: the water could Mot escape through cracks developed in the concrete

pad or seep through the natural porosity of the concreta, I.t would re=n traed
betveen tta liner and its Supporoing concrete pad.

=.a -dr-:atic had of liquid in TE-lO5-A produces a preasure on toe tank

bottc of 14-15 psig. A temperature of 25c 7 would produce vatar vapor pressure

."at ould bilanco this hydrostatic head, and bigher ta peratures could generate

steam press'es which could cause the liner to lift. Temperature data of record

ng -' siling indicate this condition was rescnad in October, 1-G4
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7. LIAkS63 of filtered supernats into the soil vould result in tampers-

tures at the cocrets-c1il interface that would cause da' to te
C sw.ucture.

8. .? solution were removed or lost from the tank and the sludge allowed to

dry, teompratures 4. excess of O,0CQ 7 CoCUld result.

9. If the sludge were ovorheatd, it would8O.±tra £ expel dai tae and
later release Ossicu ;rod4wcts at higher temneraturls.

10. tinder all emergency conditions a realase of radioact±7ty to the ground-

water would be less serious than a release to atmosphere since the sorption

capacity of the soil would delay tte nOvenst of radioactivity to .e edge

of the reserfation until most of it decayed.

- 11. Tte potent al hasa4rd to the environment and the di.01cult7 of empt7itg the

tank would decrease with tim as the ission roduata decay.

-. IZ. 0PEATIO FI.M2

3ased on the conclusions of the several studles an opewrtig plan was developed

ssbracing four =.in oblectivses

1) Control tbe taha sludge temperature6 under all conditions of tank failure

including the release of liquid to the grcund;

2) Provide and maintaiz capabilit for eergency sluicing and aeptyizg of

he tank;

3) Maintaln the tank status as static as possibit; and

Continue intensive surele detection and cntrol Instru-

Ma f*--t tim obvjectives were =at stapvi"e by ;rovidizg the rsquired control

capa il-ty Vf11 rapidly as possible. I=*U&IaW an amersgency water wpray unit was

built that could be zanually inserted through the La-inch vacuu breaker riser

to permit acoling of the slude on the bulge Jz the event of sudden t :I.'

-sultizg in --he acoplste loss of superzato. As construatloz Wforta got undsr-

vay, the next ca;abilit7 provided was raw water sluicing over the bulzed area.

?1U2 sluicing capabilit? vith two recIrculatin6 aluicers was provided in

November, 1965, and finally a tool for venting the bulged area, i. required,

(see wagure 7) vms built and tested in the machine shop under siulatad tank
conditons - (.2)

Zue-ng thiz constr otion period several equitment modificatIons vere made to

zprove'-;-3~ iontrol and surveilLance of the tank. Recording ins truenta

'4t Siars . . - - 1 on air supply Lias to the ±!rouators, and a

lira4".-

4 ss
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bwxizp portable air cupressor vex connected to *-,a air supply systes. mine
chang s reduced tc a practical xlnim the paxsibllity of 104a of air to *-%e
*jrculat=rs. 3ulge mvement detectors Vers installed at tva locations to
detect mvmt or ahiftlng of the battcm line . Twmperature slamants vers
lzcluded as an 4-ntegral ;ar. of these Lnstrumanza. A recent !zprcYve= in
;rotec-t1g the Atinr agalnst pro"%=r surges consisted of qipigthe by-,assed
obsolete co4tact codenscr% so they vculd be actisad during any pressure
eurge in the talgi :arm vent beader. mT**is mod-401catlon Supplements the cc=-

dousing capabl y of tte surtace condancze under &team release cconitions.

As the -cnst_-uction effort neared =cplation, operating procedures for slulaing
M5-10r,-A vere prepared. A hazard revtev coverIng t linggtpet
syst n and mergenzy rcedures was also c topl±tsd. z s1 t

eIn all arrangeents had been vmplated f sr emdr& l atd e pt%7O g

MI A, the belAv4or of the tanJ 4u:rng *tcu elapsed time since the stesm
release Incident vas revIgwed. D==ig Vhn reviev varioum poental hazards

- var C:=idara, a a deisic was--anto nsL==a:, T:e-105-A 1Z a static
conltIon =11 an h tim as tf teank was scheduled for Waste pnagemant ro-

!i**tng or =n there was oame evide of further tank detarioratio. toe

T Esol Yt P4o0CMa Specificatacas and S+anads b era revied to reqire sect om
Samsvesnt approfal to alt guy operaing cood 6 on affeting cntcA.

In Aprtl, 1967, a cyclia l1;;id Imvel Tariation began to occur iz M-ICrA.
A tnecal cmlls t onsists of a 9-10 ich !op 1z liqv4d Isvel in a astr of

xi-t-s folwed by a A lat l stable perlod n ting about 20 bours. n
Llqu14 I I than gpdually7 rmurr to its rigwnal evel I= about a day. No

sgtnj,4C&At WVenQ of *.he Linr can to dgta t". T4 .nly L041Qin * sXPa n=-

tcon tbat has been Identfaed for t=s behavior is that the r% )beatomen t!e
bedlr OAU lier and its oncrete pad altermates betee a Tapor and Liquld
Ap cs. A Posable Istail d ex a 9 t-.= of this behaior ad theral implic-
U ona follow.

?rm contour wsasuremnts, Table 2, the Yalume under the bulge Is esti13oted
to be abcu-t 80,XCO gallons. So:mally, about 26,00C ga:.1was Qf tim bulge

@We is postulated to be tilled with steam, which flaws in a steady stream
at m.tes up to 1C ft2/ziz rm oe or ore holes I the lier , the adighest Ms
of whic is at a elevation astizated to be about feet above the xraL -

lositlom of Vie tank bottom. ti nower t-ath'rds of the bulge is believed
to b'e filled with supernate s urry ad an ulnetermired aaut of settled &Ludge.

Occasionally s 1ztabilety causes thm sufernAte to begin to flow back tiroug-
thet- l i- ths -,.; r i-ac* benda,&L f..I ul . ei-quid :zyn ::d 7ir-

ci.CLat4_on a, .ts atm Arsc beiling pint is cool enough to c demse te stea
under tbe icab a m- elevaZ-on erinaet htv-e a t:' 't ==e a :
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slur.y. Water add±tion appears to be a major caus4 of izStabiity since 20
of the 26 suck-back occurramcos sincs Aprli, 1967, have occurred insdlately
after addition of wer to tM tan .Ar.ft r LatIca of tha juperzate
slurry =aitain* the wtia3 ma Of .Zquid at its m £tmcgaxdric bo±ll.n:
-olt of 230 2 whom it enters tl buls. About l. to 4 hcUrs ar Squied

to heat Iis "±quid to its bo±ln-g poizt of 245 7 =r dsr the h'drailic .ead
under the bulge. After this I-ductlon ertod, steam beir±ns to fo= under the
bulge displAcing supermate and slowly riisig the a p 2.l±uId level in the
~ank uzt..1 steam again issues frc the hole. 3y fIlling the tank as -- O. as
;ossible, water addition has been avoided :or as lczg as six ;ee5s, prittizg

stable operation over thia pertod with no suck-bacl events.

A possible danger in t!A cyc-ic operation of the tamk lies in the ;ctanta_&L lor

ing the 3Tace under t!A bI,.g vith settlad sludge vhicz could overteat a-d
aci ave eMPerr='3s as high as 294 T. "!ArL CaoCUL't3oIs based an tie l9-1 t:cur induction observed om AI 19, 1'967, ind.catad that te total ?:eat

sferred to the 1gI ws C t i diatlr afte
a -tack. Austg far lacay and assuming zo acuLaton Of liug =er

tte bulge, t'he calculated inducton ;azeod on Augut 29, 1967, should be 21.3
.oIs vnich is in -lxcelnt a Wreement IItI the obse"ed izdutlon "tod of

22 hours. _r the sludge associated with t!a .9 solution uuci-cacia that
occur.ed ba Na }y 19, 1967 and AuguIs 29, 1967, tad &I sett:ed out under

*s bulge, the induction ;Iaricd would have dcreased to 2.2 hSInce t!:-_
observed induct±on pr±od has =t -scr d -an . -oncluded that te
s.ce under the bu~lgs is not acting as a good settling ctser and Is aot

=% dUy fillIZg Vith sludge,

-s -0 j ntar"st to ote that if t. bUAa VVZ to act as a 7ereC't Set-.ng
onaber vith t= histo-rical 3.2 day crj2., tA sl'.Cu vo4 bu±ld u to th.

Zol lae in _', =sr in about a year at :hich tine about tC0,XC r of
would e generated beiov to bulge with a mal m tanperstur.e of 120 7.
to zuc.- acia were spaced 6 wee" aIart, ±twould tacle abcut 5 eas to f±l.

e void, at VnoaI tim the heat esnrated woc.d be 1.90,CCO 3tui/a, and the
:aturl would 1a;acl a5o 7.

A cOcentration meChaZi = is also &Vaila. w.cn oould ,ventual2h1 f±214 the
bulge vita oli.di.ed supernate; s3nce -e *atar evaporatad to :cr the steam

3auix; .'-m tta bulge must be re-laced by supa .ata slur7r at a ra of
S.e "m, t'aze zuit e a oontinual flov 3f salt !-to t1. lA . I o .
adoured, in abouz !.9C days ifter steam :egan to issue :--m the 'uige, zhe

bulge up to the :aolz vould have -i~d ih solidified supernata .,h ch =ould
,eat -.0 te--perstures Ippracig 00 4 Sc 'zlig did occur, '.!i a alutionC

under the 'Xulge -ins parlodicall dIlutad with 3uper-mate slurIy Vith i=4 -
3attIng of 3udge, a steady atate zondLitlon :cu-l,'be reached. ?or a super-

na.st sodi±= concentration of 7 X and tbe avenrae syOJ. IpaOig of 8.2 :ays,
od~iu sacent ation under the auLge .- u"d reac- equir± a 9 J. f

3uck-bac L3 ,irs - z :cc =17fy erxy 3i:;: venatsa 5a ocnr w
rac e u c a: 17 M -whic' _ld prnbaobl *u'e e ;, z 2 .

r a!'. -
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At the resent tim (October, 1967) a mxure of settled sludge and solidified4Uernata InaaiL the liner would result in a range of t peraturee between
450 and 2900 . Figur. 8 summarizes predicted equilibriu temperatureg forvarious blends of solids versus decay time.

x:. EVEDOPRATI30 PEAS

On October 2, 1967, low-level radiation was detected in the 2 Laek detectionlateral for the firt tane, adIcat1ng scme new seepage or migration of wasterom the previous inactive leak. Also, the heat generaton rate of the waste
-n this tank has decreased a factor of four since tte steam release 6a nt in
Jauary, 1965. Potential hazards associated with emptying TX-105-A ha%-e decreasedbut are still large as discussed Later. Alternative plans are being evaluated,and preparations are being made to sluice, empty and stabilize the tank.
The various alternatives being considered Include tree machanoca. systems andio different sluicing fluids. An e=Mrg=ny sluicing system involving lowsluice fluid pressures (200 puig) an -L101-A and l105-A is now availableand could be used. In about 2 months, the 244-AR 7ault vill be cmpleted andcould be used for 3luining the tank. 'De vault offers several advantages overthe emergency sluicing system including reote maintenance capability for aPortion of the equipsmnt and temperature control of the aluicing fluid. Thevault sluicing system like the emergency system uses lov pressure pumps. Thethird system be considered is the Savunnah River high pressure 4et system2. ~(2500-3OWo psig). 15) It is believed to have the advantage of bein a tempty a tank faster than the lov pressure systems.

3ither of the low pressure sluicing systems could use' vater or high salt super-nate a. the sluicing fluid. LA high pressure Savannah River system would belimited to water. When the leak potential resulting from leaching and resovia'g'he salt that is sealing the Cracks in the concrete shell is considered, theadvantage of sluicing vith supernate instead of water is apparent. This advantagemay be. off0et by the Savannah River system's time advantage ia sl'iciag a tank.While the Potential for opening up leak areas with high pressure water may be -large, the duration of time that material could leak would be reduced. Whichsystem would result in the lowest -et release of raudi:activit7 to the roundI' open to speculation. 3ovever, the length of time that the tank emptyingoperation takes Is also the time period that involves maeinum exposure to fissionproduct release hazards. Being able to empty the tank rapidly :inim zes thiaexposurc to high Mi-a and is an advantage of the hlgP. pressure system.

CI. EAZARM ANALYSIS

Three situatioas were postulated to represent conditions thitt c1"d ocour inthe event MX1.05-A fails ccmpletely. Similar waste tank hazard analyses havebeen made at .-k Ridge National Leoratory.(16)

159
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Condition I - Total tankr. cotnts evaporate to dLynss and achieve
tPeraturs as controlled by the law of nature.

Condition 2 -Inr supernate 1,s lost tanr. - sludge achiaves
I tpOZures as controlled by the lave of nature.

Conditiun 3 - Tank supernate is removed, sludge is removed except for
a qu=tIty trapped beneath the bulged liner. Quantity
beneath the 2.inar varies from all solid±=_ed superniite
to all solidified sludge.

34tiates of thenvroCMental consequences resulting frc= each of theso con-
dit-ous are presented to provide guidance to management in arrving at decisions
wbIch may be required during the TX-105-A sluiclng effort. Conditions 1 and 2
are very unlikely to occur, but eastimated env.i4rO-ental cosequences of these

-- tv cond.ItIons are included to provide an appreciation of the nagntude of the
potential hazards.

An estimate of the ivenggy of redlonucl4des in 'LOe15-A as & u of
time Is sumxirazed izr?_gure 4. The en roental conequences of the three
postulated condtIons 'tive been estimated for four dates: January 1, 196;
My 1, 1965; Ju1 1967; and January 1, 1968, am abcin in Table 5.
Condition 1

Volatilization fractions for several radionuclides fr.- both simulated and
actual Vastes have been measured by arton.(10, 11) On the basis of theme

- measurements, volatilization fractions, tabusated in Table 4, have been assumed.

The atmosphoric releas* of the volatilized radionuclides is difficult to predict.
in =*a analysis three arbitru - release acons of 1, 0 1 and
0.01, are assumed. ?or example, for sludge plus supernate an atmOBpheric release

c. r -action of 1 OULd assume all of the volatilized cesium would be released to
the atosphere. Since 0.15 is the volatilized fraction assumed for cesium
(Table 14), an atmos-;herc release fraction of I in this example corresponds
to an atMos;neric release for cesium of 15 percent.

3stimates of the dose to bone and total body for the f:Ist year olling
exposure have been made for persons remainn in ne cloud for 2 and 24 bours
at selected dovnwind dIstancas. For Condition I the limiting node of exposure

s inhalation, and this results in the total body as the =st crit cal organ.
Total body doses via this ncde of expc ure have been estimated using =athe-
atical med.s iescribed by Watson.(-7) Table 5 sumrizes these estimated

doses, Zxterral exposurt :f persons in the cloud from air-horne rediolino
is i.Liric-nt copared to doses received fro inhaation. 3xposures =ear
te tank v0U.± be severe as discared later.

?rom Table 5, can be calcula that a total bcdy dose In !xcess of 25 rem,
2 hours' exr -... at 5 miles or 24 hours' exposure at 18 =ies, can be antici;ated

- MAI -**
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r 
.

&au Tc .a.r cs- - - -

-Alm- 7

4',B D -r A05- A

DIstaan e 3xposure 3ARelase 7-actlars Igual to;

(X:.s ) (hrs) Daa 0.: .01

2 //65 4w0 40 4.0
5/1/65 360 8 3.8
7/1/67 360 36 3.6
1/1/68 '360 36 3.6

/165. 2CC0 200 20
5//6 19 190 19

7 7 1500 150 , 18
1/i/68 1aoo 20 is x

8- 2 \1/1/65 i l.
5/1/65 .99 9.9 0.99
-7/1/67 -93 9-3 0.93

/1/68 93 9.3 0-93

24 1/1/65, 520 52 5.2
65 65 .1 5.0 T

7/1/67 70 4-7 --

1/1/68 470 47 4.7

-. 3* ..-

* - 3

r. r ~ ..
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J henever the fraction of volAtil1ized rtinuld s "'cPIZ to *-!% ztos-pherv
exceeds 0.^q. Although this pcstulated conditon is ulkythe sstimatad
consequences Ur0 Of 3uff!CI*Zt -agnIt'Ud8 && to 'Mr.TZt ;reveut-19 act'On to
zsurw that thn tank Conuants do =o1 lsvgporatu to d7es

It is postulAtsd =nder *.his condition '--At all ofth supern.Ate is suddenly
lost to the ground, and tha r=&ai=ig aluidge layer evaporates to dry-_ess. The
eavi=onentalI consequences of this type "alur1= include coztamization Of the

grondatr ndrelease of volatiIzed radionuclidna to 1-he atos-pher . Du,

to ==ch Lxwer release f.-aCtiona frem aoli1d'fled sl.udge, Tzble 4, dova astimatas

7

abot.1 5 :Milan and 'ia mles axe cczaiderabl:1 be-!cv aemsil cc=pattozal dosea
lavela. I: watar ver added to th3 tazk as required t control the sludge teLpera-
tires, tta relcaze '- mtmcsphers would be prevented. Sizzct total '_css of aupqr-

- n~ate to tza grcurd is aseumed, any addiioa -- tmntino he 3:oundar

- -4

resuelt . f -a addct tjon of cool g -atsca;±uldo o incugnhei-ant.

'he -ozta"- ticn Of ;roundvatar at the Col=_bia Riiar has !;eez estim aed an

the basis of graoudvater tlxw under tat n :2-ov cndIi-4-m usimmi ea ±iapld

boAeq- n the tank a grn4zdsaitsr ar al to 's tta rlesed radionuCl as
i in tha -_ondwatar . ld)

o flur 9 3how the lsti d future Ctrztt4m-90 azd casl=::137 acncatS.tions
in ± undvzatr a, any distancd fr om that i..ut =ourte s a "u=tio of gruznd-
'nter travel ti=. aMe time , andIcatad iz7- -atr 5, to regah a d-sa

f4ze m:iles and the Colombia oIfer sar=e exitiL ;.uzdaotaxna.ov ao dtIc
Msn anctaanged over e =ex". teveradL o .u.azd rears. t bse zoncigntzcr na

ara, e &nrdcciv ea ssumi:Lg -. zA- Sr-cC ard =s17mvc at I/,zC and
Co *he Avrrae udasr, res-actively. Ad sio4nge, stv*ies !Isve shoVz-:

bt i5tes relsa andSr2aon ate$ ae asJ nabe easti=btea 'orC the *x.Icrs.g
Iav c ditar 'Izs. adver, if the ccieti. catIon concits atins 4I-

dwte 1ould Icrease (especially calctu= and ptassl ) or if the
aquifer elevation a0 !-d _1a=1- a-d ncl :n:I.art, gaval ati
the migation rat-as could increase. Dixpersicn (d-llutioz caused lesxig as

=ot considered. Seglectig this ec. Uo
14 3 "I iataru naerVati7e dStv4 ates

whica lo n=t accuzratal oredvJct Inltlal ridio' uci-da %r4ana and ;redict o:gner
tIaan actual feak concentrat ons.

Though the tze tl tassociated with ; resen., gndwa-ter flow ;a-t fr=o
ez -ciity f th 24-2, A ' ? ar to -e Co Ia Ii-er .d about 27 as

jsi S hjepl :.I.,l 'hat IlCV paths ( and asaocia-ted travel tim1esj viz.l Change
apprecabclv I the ,rer. long ;eriod :ollwIng the accidant postula d In thts
itudy. Such chages could 'be relatrely drastl im either 1irecta n of- Icnger
ar i =r-:. -avel tis - dependcig t- n the ::yriad ,of ;assbla causazon
factars - . o.er ,pr.acess-ing u d ir os , etc.). T*:e ooition.e

-. a be. on z t . a s cause and ra-n.o 7 accurae for-m
zt oditred... Ma zI=i4u= tz rav n e for vutaate

vcaca4

t~ianic~.a~l a.~ oacet~a~Sons
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CAZMl CLD TTU C 3 D- 1C5-A

CC==ZCS 3 AS U .JAWIju. 1,. 37

Dose for Atmosyneio
273pT of wastes ?_A&" 7___to_ s _ _ual _ _

(mus) (hrs) 4n Bulge 7 - Q.

5 2 mupermate + Sludse* 3.9 0.39 0.039
Sludge lude * 0.c2 0.0C2 0.0C2

24 swrnat. + S+ ludge 20 2.0 0.20
1d 0.09 0.009 0.Cc9

15 2 S+ernats + 51udeg 1.0 0.10 0'010
0.09 0.009 0.0009

0 t24 S+ naza+S1d.A 5.1 0.51 0.051
S--: OC2 0.C C 0. CCC2

7o fo? reas e-r14"0Oater= 1dgf u* in. MX, total body for f±.s

Doe lor release frm. sludg is 'in M, bone for first ;mar follov1.g
±sehaa±ca expcsure,

C

I. HL-P-87, "Purex Waste Tank 24 1-A- T5? .tl Li.mIt," S. J. Beard and
3. 7. Judson, lovmber 17, 196+.

2. Lotter, M. T. WVal g to Daitribution, "eulC.cal 3upport to Cur.ent
FD Wast'a 'ank Pobleas," )arch 25, 1965.
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SUMMARY

Recently, there has been some concern that significant amounts of

radioactive aerosols could be released during upset conditions in an aging

waste tank. The release of radioactive aerosols could conceivably occur

should the airlift circulators cease to function, thereby allowing the heat-

producing solids to settle to the bottom of the tank. Consequently, it is

postulated that extreme temperatures could build up within the solids layer

due to poor transfer of heat to the supernatant. Once the airlift

circulators are restarted, large amounts of heat could be released when the

solids are resuspended. This sudden release of heat could cause the

supernatant to flash, thereby producing steam in amounts sufficient to

overwhelm the tank ventilation system. This situation may cause the tank to

pressurize, which could result in steam being released to the environment.

The escaping steam could potentially :arry gaseous radionuclides or

radioactive aerosols generated during :he event, thus resulting in the

release of radioactive materiais.

The above accident scenario is comnonly referred to as a *tank bump4.

Recently, Westinghouse Hanford Company (WHC) has attempted to estimate the

amount of material that could be released to the environment during such an

event. Some simple assumptions were made in order to calculate the amount

of steam bypassing the tank ventilation system. The total volume of vapor

escaping was tnen multiplied by an assumed aerosol concentration of 10 pg/L

to obtain the mass of waste escaping. The objective of this study was to

experimentally determine if this assumed concentration was appropriate.

The program objective was met by sparging air through various solutions

and measuring the resulting aerosol concentration. As expected, the aerosol

concentration is a function of the total solids loading in the solution.

Aerosol concentrations ranging from 0.66 to 4.9 :g/L were measured for air

flowing through a vessel containing a sucrose/titanium dioxide mixture at a

superficial velocity of 13.4 ft/min. The weight percent dissolved solids for

the test solution ranged from 27.9% to 41.5%, while the weight percent

insoluble solids varied from 0 to 1.4%. Higher insoluble solids loading

could not be achieved, as the agitation ,ithin the ta~nk caused by the

bubbling action, although quite vigcrous, was not sufici-ent to keep the

titanium dioxide suspended. As expected, the outlet ccncentrtinn was found

'.1
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to increase exponentially with solids loading, however, the limited data is

insufficient to clearly define a curve relating concentration to total solids

loading.

A second set of experiments was conducted using a chemical simulant for

Neutralized Current Acid Waste (NCAW). The observed aerosol concentrations

for these experiments ranged from 10.1 to 16.6 ag/L after correcting for

adsorbed water. Although the solids loading was not determined for the NCAW

simulant, the weight percent total solids was estimated to be around 50 wt',

thus explaining the higher values than were observed with the sucrose-based

simulants.

The measured aerosol concentrations brackets the aerosol concentration

assumed by WHC (10 pg/L). However, the measured aerosol concentrations are

dry aerosol concentrations, as the water present was evaporated. The value

assumed by WHC is a wet aerosol concentration. The data presented here can

be converted to wet aerosol concentrations using the weight percent total

solids. Using a conservative estimate of 37.5 wt' for NCAW leads to wet

aerosol concentrations as high as 26.9 to 44.3 ig/L.

It is recommended that a conservative aerosol concentration of 50 Ag/L,

based on the results of this study, be used for estimating the amount of

waste release during a tank bump. This concentration corresponds to a

release rate of 1.1 x 10 volumes of waste per volume of escaping vapor if

no aerosols are captured enroute to the environment. This predicted release

rate is essentially the same as that proposed by Squires (1987), which was

arrived at using a different set of assumptions, including a lower assumed

aerosol concentration (10 1g/L).

The actual amount of material released should be less than the stated

value as the experimentally measured aerosol concentrations, from which this

value is based, were obtained at superficial velocities higher than those

likely to be encountered during a tank bump. The recommended value is also

conservative in the sense that it is assumed that all aerosols created will

be released, when in fact some of the material will undoubtedly be removed

enroute to the environment through impaction, interception and Brownian

diffusion capture mechanisms. No attempt was made to estimate radiation

exposure levels based on the predicted release rates, as this was beyond the

scope of work identified for this program.

iii
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1.3 INTRCDUCTION

The aging waste tanks on the Hanford Site contain a mixture of

radioactive solids and liquids. The solids are maintained in suspension

using airlift circulators. Suspension of the solids is required to prevent

these heat-producing solids from concentrating on the floor of the tank. If

large amounts of solids were allowed to accumulate in one place, the

production of decay heat could lead to unacceptable temperatures within the

solids layer as the result of poor transfer of heat to the supernatant.

It has been speculated that temperatures in excess of the boiling point

of the waste can be achieved within the solids layer should such a layer be

allowed to form. In order for this buildup of heat to occur, an anhydrous

solids layer would have to be created. This layer would be separated from

the supernatant by a hydrated solids layer. The presence or in anhydrous

solids layer would lead to poor heat transfer rates, thus allowing the solids

layer to overheat. 4

The accumulation of heat in the settled solids layer could possibly

result In the release of radioactive material when the airlift circulators

are restarted, as the heat previously trapped in the solids layer would be

released. Release of a significant amount of heat could cause some of the

supernatant to flash. The sudden production of vapor in turn could

overwhelm the tank farm ventilation system, causing the tank to pressurize.

Consequently, vapors in the plenum might begin to escape through leaks in

the pump pits, risers and breathers. These escaping vapors could

potentially contain any gaseous radionuclides or radioactive aerosols

generated during the event.

The accident scenario described above is commonly referred to as a

.tank bump'. Westinghouse Hanford Company (WHC) estimated the amount of

material that could potentially be released during a bump to determine if

modifications to the tank farm and/or operating procedures are needed so as

to be consistent with the ALARA (as low as reasonably achievable) concept.

The objective of this study is to measure aerosol concentrations

resul ting from air being sparged through various solutions. The measured

concentrations can then be used to estimate the amount of material that

could 'e released during a tank bump, provided that the ruDturing or bubbies
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at the liquid surface is the dominant mechanism fpr generating aerosols

during a tank bump. In all likelihood, this is a safe assumption.

2
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2.0 EXPERIMEINTAL APPARATUS

The test acparatus used during this study consists of four main

components: 1) the test vessel, 2) the data collection system, 3) an

electrical aerosol size analyzer, and 4) a gross particulate sampling train.

2.1 TEST VESSEL

A cross-sectional view of the test vessel is shown in Figure 1. The

test vessel, used to contain the solution being investigated, was fabricated

from a 60-in. section of stainless steel 24-in. diameter pipe. Room air was

sparged through the solution via the inlet line shown in Figure 1. The inlet

line consists of 1-in. diameter black iron pipe. A manual throttling valve

and an orifice plate are located in this line to control/monitor the Inlet

flow rate. The downcomer portion of the inlet ine within the vessel is 1-

in. stainless steel tubing. The bottom Of the downcomer is located 5 in.

from the floor of the vessel.

An overflow line, equipped with a siocn break, is situated 36 in. from

the floor of the vessel. The test apparatus is also equipped with an

internal steam coil which can be used for testing at elevated temperatures.

The process gas Is drawn out of the vessel through a 2-in. diameter exit

line, which is connected to the buildIng's primary off-gas system. The

blower in this system is capable of pulling 320 scm at 0 in. Hg vacuum. A

sampling port and a pitot tube flow element are used in this line to measure

the exit aerosol concentration and flow rate, respectively. Thermocouples

are located in both the inlet and outlet lines, with four others used to

monitor the temperature of the solution.

2.2 DATA COLLECTICN SYSTE1

Validyne differential pressure transducers are used to measure the

pressure drops across the inlet orifice plate and the pitot tube on the exit

line. The voltage signals from these transducers are received by a Validyne

330 panel meter where they are converted to pressure drops and corresponding

flow rates. The thermocouples are connected to a Fluke 2240C datalogger. A

Hewlett Packard 9000 series 215 personal computer is used to monitor the

system. The computer is program.ed to prompt the panel meter and the

3
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datalogger for data every 15 seconds. Every fourth reading is

recorded on the computer's hard disk so that the data can be analyzed at a

later date to obtain mean values for the various process parameters being

monitored.

2.3 ELECTRICAL AEROSOL SIZE ANALYZER

An Electrical Aerosol Size Analyzer (EASA) manufactured by Thermo-

Systems Inc. (TSI) is used to measure the particle size distribution of

aerosols in the 0.01 to 1.0 ;;n size range. The EASA can also provide an

aerosol concentration for particles within this size range. The EASA

sampling system is shown in Figure 2. A vacuum pump is used to draw the

sample stream through the instrument. A needle valve can be adjusted to

maintain the sample flow rate at 4 L/min. Filtered room air is also drawn

through the instrument to form a sheath of clean air around the

precipitator. The sheath air flow rate is mainza-ied at 46 L/min usig a

needle valve.

ANALYZER

SAMPLE PUMP
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CCNTROLLER c
,IiA3,
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F;gure 2. The Electrical Aerosol Size Analyzer Sa oIn System.
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The off gas sample stream enters the diffusion charger inside the EASA

where aerosols present in the sample stream are exposed to unipolar positive

ions produced by a corona discharge. The charged aerosols enter the mobility

analyzer, comprised of a precipitator and an electrometer sensor. The

mobility distribution is then measured. The particle size distribution and

concentration are inferred from this measurement. An Apple 2e computer is

used to receive the raw data. The system is equipped with a data analysis

program provided by TSI which uses the raw data to calculate a size

distribution and aerosol concentration based on the theory outlined by Liu

and Pui (1975). A more detailed description of the EASA is available

elsewhere (Liu, Whitby and Pui 1974).

2.4 GROSS PARTICULATE AEROSOL SAMPLING TRAIN

The gross particulate aerosol sampling train is used to determine the

gross aerosol mass loading in the exiting off gas. The system is shown in

Figure 3. The sampling train consists of a Gelman in-line filter housing

HEATED GLASS FILTER BROOKS MASS FLOWMETER/CONTROLLER

COOLING COIL

7-7 SST BELLOWS PUMP

SAMPLE --

SILICA GEL-1

Figure 3. The Gross Particulate Aerosol Sampling Train.

S
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which contains a 47 =m Gelman A/E glass fiber fiiter, followed by a silica

gel bed and a Brook's 5350E mass flow controller. The Gelman A/E glass

fiber filter has a filter efficiency ranging from 99.6 to >99.99% for 0.3 Um
DCP droplets depending on the superficial velocity (Lippmann 1933).

Electrical resistant heating tape is used to prevent any moisture present in
the sample stream from condensing on the filter paper.

The sample line leading from the filter housing to the silica gel bed

is coiled to increase the residence time so that the sample stream can cool

back to room temperature prior to entering the silica gel bed. The water

loading in the sample stream can then be determined by the weight gain of

the silica gel bed and the volume of gas sampled. An MB-158 vacuum pump

manufactured by Metal Bellows Corp. is used to draw a sample stream through
the system. The set point control for the mass flow meter allows accurate
control of the sample flow rate over the flow range from 0 to 10 L/min.

The gross particulate sampling train was designed so that gas scrunoers

could be installed in series in between the stainless steel coil, located on
the backside of the filter housing, and the silica gel bed. These scrubbers

are used when necessary to remove undesirable vapors to protect the mass flow
controller. The scrubbers consist of a downcomer with a fritted glass

filter, submerged in a scrubbing solution. The fritted glass filter is used

to create small bubbles to increase the contact area between the gas ana the
scrubbing solution.
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3.0 EXPERIMENTAL PRCCEDURE

Once the test vessel has been filled with the solution to be

investigated, the data acquisition system is started. Air flow through the

test vessel is initiated by opening the valve which isolates the apparatus

from the primary off-gas system. The air flow rate through the test vessel

is set at the desired value by adjusting a manual throttling valve. If the

solution is to be heated, the throttling valve on the steam line leading to

the internal coil is opened appropriately. While the parameters of interest

are coming to steady state, the EASA is used to measure the aerosol

concentration in the laboratory to serve as a comparison for the

concentrations measured on the outlet.

Once the solution temperature and air flow rate have stabilized at

their respective values, the aerosol concentration for the exiting gas can

be determined. First the EASA is connected to the sampling port using 1/4-

in. stainless steel tubing. The sample stream is drawn through a TSI

aerosol neutralizer containing a Kr-85 source, and into a TSI diffusion

dryer prior to entering the EASA. Stainless steel tubing is used throughout

to prevent the possibility of sampling losses that can occur with some 
types

of plastic tubing (Liu, Pui, Rubow and Szymanski 1985). After three outlet

concentration measurements have been made, the EASA is disconnected so that

the gross particulate aerosol sampling train can be used.

The filter housing at the inlet to the sampling train is mounted

directly to the 1/2-in. diameter stainless steel sampling probe to minimize

sampling losses. The sampling probe is directed into the off-gas flow in an

attempt to obtain an isokinetic sample. True isokinetic sampling was not

achieved, however, as no special attempt was made to match velocities in the

sample probe with those in the exit line. This procedure was deemed

unnecessary for the size distribution likely to be encountered. This

decision was based on the correlations given by Durham and Lundgren (1980).

The sampling probe used during early experiments (Runs #1-4) contained a

90* bend in order to fit into the exit line and still be directed into the

flowing off gas). Based on criteria presented by Cheng and Wang (1981), no

significant sampling losses are anticipated with this design. The sampling

probe was later located closer to the outlet nozzle on the test vessel. 
This

8
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time the sampling probe was mounted at an elbow so there was no need for a

90* bend in the probe in order for the probe to be directed into the flowing

off gas.

As previously mentioned, the filter housing is wrapped with heating tape

to prevent any moisture in the sample stream from condensing on the filter

paper. Once the sampling train is connected, the power strip for the

sampling train is turned on. The mass flow controller is set for a sample

flow rate of 3.0 L/min (30% of full scale). The valve isolating the vacuum

pump from the sampling train is opened and the time recorded. The system

operating pressure is checked (approximately 7 in. Hg vacuum) along with the

flow rate to ensure that the system is operating properly. The system is

then allowed to run overnight.

Prior to terminating the sampling, the sample flow rate is checked to

ensure that it has stayed at its set point and the operating pressure is

noted. To terminate the sampling, the bali valve uostream of the vacuum

pump is closed, the power strip is turned off, and the time is recorded. The

heating tape around the filter housing is removed to allow the filter to cool

to room temperature before it is removed. Once the system has cooled, the

filter paper is removed and weighed. The silica gel bed is also removed from

the system and weighed to determine the weight gain during sampling. The gas

scrubbers, if used, are treated similarly.

After the sampling sequence is compi eted, the system can be isolated

from the process blower by closing the appropriate ball valve. Immediately

after the air flow through the vessel is discontinued, a sample of the

solution is collected through the view port on the top of the vessel. The

total amount of suspended solids is then calculated from this sample.

After the experiment has been completed, the data acquisition program

is terminated. A data analysis program is then used to calculate averages

and standard deviations for all of the parameters monitored during the

experiment.

9
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4.0 EXPERIMENTAL RESULTS

Initial experiments were performed using a soluble sucrose solution.

Titanium dioxide (which is insoluble) was added in later experiments, and

finally a chemical simulant for neutralized current acid waste (NCAW) was

used. Attempts were made to measure the aerosol concentration as a function

of flow rate using the EASA for each of the test solutions. However, the

EASA indicated that the aerosol loading was too low to be measured. It was

later learned from the manufacturer that the EASA was originally designed for

atmospheric sampling and that they have no experience with the EASA when used

for sampling from a negative pressure stream. Unfortunately, they were

unable to determine why the system would not function properly when used in

this manner. Due to the problems encountered with the EASA, only the data

obtained with the gross particulate sampling train are report here.

Because of the long sampling times required to measure the gross

aerosol mass loading, only one flow rate could be tested using the

particulate sampling train. A flow rate of 40 scfm was chosen, as this flow

rate represents the highest flow rate achievable with the experimental

equipment and should lead to the highest aerosol concentrations.

4.1 EXPERIMENTS INVOLVING A SUCROSE BASED SIMULANT

A summary of data from the experiments in which a sucrose based simulant

was used is given in Table 1.

Table 1. Summary of Experimental Results Involving Sucrose.

Run # Wt' Solids Solution Water Aerosol
sucrose Ti2 Temperature Flow Rate Loading Loading

(*C) (scfm) (mg/L) (Ag/L)

1 27.9 0.0 12.3 41 12.0 0.66

2 36.5 0.0 12.3 42 11.4 1.84

3 39.5 0.6 14.6 42 14.7 2.07

4 41.6 1.4 14.9 43 13.6 4.87

10
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The liquid level was originally set at 36 inrhes (the height of the

overflow drain). On starting the first experiment, the air bubbles in the

solution increased the effective volume of the solution. The level of the

solution temporarily rose above the level of the overflow drain. The

solution gradually drained until the air/solution interface was at the level

of the overflow drain. After the experiment was completed and the air was

turned off, the depth of the solution remaining in the vessel was found to be

27 inches. This level served as the starting point in the next test. Each

subsequent test was conducted at a slightly reduced level due to evaporation.

The slight increase in the volumetric flow rate that occurred with each

experiment reflects a small change in the liquid head that the blower must

overcome to enable air to flow through the vessel.

As previously mentioned, a bed containing silica gel was used to

neasure the water content in the off gas. Table 2 shows that the water

contents are typical of those expected for saturated air at the exit

temperatures observed during the experiments. In some instances the

observed water loading was higher than the saturated water loading. In

actuality, the observed difference is probably not real, but the result of

.naccuracies resulting from reading information from the psychrometric

chart. The close agreement between the measured water loading and the

expected water loading for saturated air at the operating temperature

suggests that there was not a significant amount of entrained water in the

off gas. This result is consistent with the measured aerosol

concentrations.

Table 2. Comparison of Observed Water Loadings to Those for Saturated
Conditions.

Run # Exit Temoerature Saturated Water Observed Water

(C) ILoadinq (ma/L) Loading (m/L)

1 12.6 11.3 12.0

2 13.0 11.7 11.4

4 15.7 13.. '3
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4.2 EXPERIMENTS INVOLVING A NEUTRALIZED CURRENT AID WASTE SIMULANT

Approximately 50 liters of synthetic current acid waste (CAW) were

received from WHC. The composition of the simulant, as reported by WHC, is

shown in Table 3.

Table 3. Composition of Synthetic Current Acid Waste

0.88 M Al(NO 3)3 '9H20

0.22 M NaNO 3
0.104 M Fe(N0 3 )3 9H20
0.016 M4 Cr(NO3) 39H2 0

0.085 M Ni(N03)2 *6H20

0.056 ! Fe2(S04)3 *9H20

0.653 M HNO 3
0.169 M H2SO4

0.206 M HF

The CAW was denitrated at PNL with 1,781 g of a 22 wtv sucrose/0.005 M

NaOH solution in the test vessel. The sucrose solution was added to the 50 L

of CAW at a flow rate of 3.33 ml/min over an 8-9 hour period. The internal

steam coil was used to maintain an average simulant temperature of

approximately 68*C during the denitration process. The CAW was then

neutralized with 37.5 liters of 19 M NaCH (50 wto). Enough synthetic

neutralized current acid waste (NCAW) was produced to fill 11-1/4 inches of

the test vessel.

Three experiments were conducted using the NCAW simulant. The results

from these experiments are summarized in Table 4.

Table 4. Summary of Experimental Results Involving NCAW

Solution Aerosol Corrected

Run I Temperature Flow Rate Loading Loading
(*C) (scfm) (pg/L) (Lg/L)

5 20.4 46.0 28.8 16.6

6 18.2 45.6 26.9 15.5

7 18.0 11.1 17.5 10.1

12 185
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The first experiment using the NCAW simulant led to an aerosol

concentration approximately six times larger than had been observed with the

sucrose solutions. Much of this difference was due to the fact that the

material being deposited on the filter paper was essentially sodium

hydroxide. Since the filter housing was heated during the experiments, the

sodium hydroxide was deposited as a dry solid on the filter paper. When the

filter paper was removed from the filter housing at the end of the

experiment, the sodium hydroxide began to adsorb water from the air, as solid

sodium hydroxide is a desiccant.

The amount of water adsorbed was found to be a significant fraction of

the total mass, as determined in a separate experiment. A sodium hydroxide

pellet was found to adsorb 0.74 g of water per g of NaCH. Applying this

relationship to the data in Table 4 results in the corrected values also

shown in Table 1. These aerosol concentratIons are significantly closer to

those observed using the sucrose simulants. The remaining difference is

probably due to the fact that the total solids loading for the NCAW simulant

was higher than those for the sucrose. Unfortunately, attempts to measure

the wt% total and dissolved solids for the NCAW failed when the material

corroded through the sample containers when placed in the oven.

True aging waste is reported to be approximately 20 volt solids with a

solids density of 1.5 g/ml and a supernatant density of 1.17 g/ml. These

values can be used to arrive at an insoluble solids loading of 25.5 wt'. If

the supernatant is assumed to be essentially sodium hydroxide, the wt%

dissolved solids in the supernatant would have to be 15 wtm to have a density

of 1.17 g/mi (Perry and Green 1984). Since the supernatant comprises 80

voli, the overall dissolved solids loading is therefore 11.9 wt1. Combining

the estimated values for the insoluble and dissolved solids loadings leads to

a total solids loacing of 37.4 wtZ. if tnis value for the wtO total solids

is assumed to hold for the synthetic NCAW, the data would not support the

claim that the aerosol concentration increases with increasing solids

loading. In reality, the assumptions made at arriving at the estimated

solids loading for NCA4 are probably nonconservative. The total solids

loading is probably closer to 50 wt%, which would then be consistent with the

previous claim that the aerosol concentration Increases sharply with solids

loading.

11~
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The first experiment using the NCA4 simulant was repeated to verify that

the observed aerosol concentration was correct. The second experiment

resulted in an aerosol loading within 7.01 of the previous value, thus

confirming the results. The next experiment was conducted to verify that

higher aerosol concentrations will be encountered at higher flow rates. The

off-gas flow rate was dropped by a factor of four, which reduced the aerosol

concentration by a little less than 50%, thus validating the decision to

only investigate the highest flow rates to obtain conservative results.

14
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5.0 DISCUSSION -

The aerosol concentrations observed during this study ranged from 0.56

to 16.6 ag/L (after correcting for adsorbed water). For comparison, in

undeveloped areas of the western United States, 24-hr average suspended

particulate concentrations in the atmosphere are of the order of 0.001 to

0.01 ig/L. In more developed areas, average daily concentrations of 0.1 !g/L

are common. Average daily concentrations from 0.1 to 1.0 ug/L are found in

large cities and in areas where soil can be resuspended (Randerson 1984).

Thus, the aerosol concentrations measured in this study exceed the

atmospheric levels for industrial cities. The concentrations resulting from

sparging air through the solutions, however, were still almost two orders of

magnitude below those measured in the off gas from a pilot-scale ceramic

melter (300 ag/L) during a waste vitrification experiment (Ruecker 1937a).

5.1 EFFECT OF WE:GHT ;ECENT SCLIDS

The data in Table 1 show that the aerosol concentration rises at an

accelerating rate with increasing solids loading. Unfortunately, the

agitation in the test vessel, although very vigorous, was insufficient to

keep much of the titanium dioxide suspended. The limited number of tests

conducted to date make it difficult to determine if there is a significant

difference between insoluble and dissolved solids loadings, or if the weight

percent total solids is the most important factor. Unfortunately, weight

percent solids loadings for the NCAW experiments could not be obtained in an

effort to resolve this issue. It is estimated that the total solids loading

was 50 wti, which would support the previous speculation that the aerosol

concentration does indeed increase quickly with solids loading.

5.2 COMPARISON 'ITH PREV/OUSLY ASSUMED C^NCENTRATCONS

Previous calculations used to estimate the amount of material released

during a bump assumed an aerosol concentration of 10 ag/L (Squires 1987).

This value appears to be bracketed by the values observed during this study,

however the aerosol concentrations are defined cifferently. Squires assumed

an aerosol concentration of 10 ag/L and then used a density of 77.3 lb/ft3 to

obtain an estimate of the volume of entrained wastn per volume of vapor.

The density used appears to be a density for hcmogeneous NCAW; thus th",

is
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aerosol concentration represents the amount of wet airborne material present

per liter of escaping vapor. The concentrations reported in this study, on

the other hand, are for dry aerosol concentrations.

The corresponding wet aerosol concentrations can be obtained from the

data presented here by dividing the dry aerosol concentrations by the weight

percent total solids of the solution. Using a conservative estimate of 37.5

wt* total solids for the NCAW simulant leads to wet aerosol concentrations

ranging from 26.9 to 44.3 Ag/L. Squires' estimated wet aerosol concentration

appears to be slightly low based on these numbers.

Squires' value corresponds to a volumetric ratio of 8.0 x 10~9 volumes

of waste per volume of escaping vapor based on a waste density of 77.8

lbs/ft3 . A more conservative estimate would be to use a wet aerosol

concentration of 50 pg/L. Using the same density for the waste leads to a

volumetric ratio of 1.1 x 10 volumes of waste per volume of escaping vapor.

The amount of material released can be calculated provided the amount of

vapor escaping to the environment can be estimated. Estimated volumes of

escaping steam have been calculated by Jones (1987) as a function of the

downtime for the airlift circulators. The longer the airlift circulators are

Table 5. Estimated Gallons of
Tank Bump.

Waste Released to the Environment During a

Steam Released
(gal)

7,000

70,000
125,000

195,000

260,000

325,000

375,000

440,000

500,000

560,000

615,000

Vol. Released Using
Current Method

(gal)

0.0008

0.0075

0.0134

0.0208

0.0278

0.0347

0.0401

0.0470

0.0534

0.0599

0.0653

Vol. Released Using
Squire's Method

(gal)

0.0016

0.0072

0.014

0.021

0.028

0.035

0.040

0.047

0.053

0.060

0.066

161t

Downtime
(h r)

12

18

24

30

36

42

48

54

60

66

72
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down, the more severe the tank bump will be. Incauded in Table 5 is the

corresponding volume of waste released based on the volumetric ratio of 1.1 x

:07. The release volumes reported by Squires (1987) are also included for

comparison.

The difference between the two approaches described above is that

Squires included an additional term involving partition factors reported by

Kimura and Johnson (1987) to increase her volumetric ratio from 8.0 x 10 to

1.0 x 10 . The use of partition factors was probably not necessary as

described in an earlier report (Ruecker 1987b). The net result, however, Is

that Squires arrived at essentially the same volumetric ratio despIte

starting with a lower initial aerosol concentration.

An average value of 4 x !03 volumes of waste per volume of vapor was

measured for tank 101-AZ by Kimura and Johnson. This is a reasonable

concentration when compared to the volumetric ratio detenmined during this

study considering the samples were collected within 8.5 to 14.5 feet of the

liquid surface while the airlift circulators were operating. The fact that

this concentration is lower than the concentrations estimated based on the
-7

experimentally obtained aerosol concentrations (1.1 x 10 ) is not

significant, as the lower superficial velocities, experimental error and

validity of the assumptions used to extrapolate dose rates to aerosol

concentrations could easily explain the discrepancy.

It should be stressed that the above calculations make no attempt to

account for material lost on the way to the environment due to impaction,

interception or diffusion, which are described in detail by Hinds (1982).

The calculations also do not attempt to account for the release of gaseous

radionuclides, as this problem is very complicated, waste specific, and

relatively unrelated to addressing the question as to whether or not the

tank ventilation system needs to be modified to better handle aerosols during

a tank bump.

5.3 VALIDITY OF ASSUMPTiONS

The key assumptions behind this study are that the mechanism for

generating aerosols during a tank bump is the rupturing of bubbles at the

licuid surface and that steam (generated during a bump) wil l behave

similarly to air (used during bump exceriments) as a carrier fluid for the

17
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aerosols. The rupturing bubble mechanism has been described by Newitt,
Dombrowski and Knelman (1954) as illustrated in Figure 4. As the bubble

rises to the surface, it causes the liquid surface to forn a hemispherical

dome. The bubble's internal pressure produces a depression in the interface.

As liquid drains from the dome, a weak spot will form where a secondary cap

can form. The subsequent disintegration of the cap gives rise to several

submicron aerosols which are carried away by the escaping gas. As the

resulting crater is filled, the momentum of the in flowing liquid produces a
jet which in turn can produce other aerosols.

The only other conceivable dominant mechanism for producing radioactive

aerosols may be a condensation mechanism (Hidy 1984). Prior to a bump, it

is possible that very high temperatures could be achieved, causing some semi-

volatile compounds to vaporize. These compounds would later condense to form

submicron aerosols. More than likely, these aerosols would be formed as the

steam bubble rose through the supernatant. Large steam bubbles would

quickly break up into smaller bubbles due to viscous drag as they ascended

through the supernatant (Valentin 1967).

(a.) (b) (c)

(d) (e) (f)

Figure 4. Aerosol Entrainment Mechanism for Bursting Bubbles.
(Taken from Newitt, Dombrowski and Knelman 1954).

18
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This phencmenon would tend to minimize the distances required to

transport the newly-formed aerosols to the gas-liquid interface where they

can be captured in the liquid. Gas circulation within the bubble will

further assist in the mass transfer process (Garner and Hamnerton 1954).

This situation would be essentially equivalent to that for a Submerged-Bed

Scrubber, which has been found to be extremely effective at removing even

submicron aerosols (Ruecker and Scott 1987). In addition, if enough heat

were removed to cause steam to condense, the aerosol removal process would

be even further enhanced by a mechanism referred to as flux-force/

condensation (Calvert and Englund 1984).

Any other proposed mechanism in which the aerosols are formed within the

supernatant layer would also be suspect due to the same reasoning as used

above; the aerosols would more than likely be removed from the vapor as the

bubble travels through the supernatant. The only way the rupturing bubble

mechanism qould not be the dominant -echanism is if the bumo were severe

enough to cause compounds to vaporize and remain in the vapor state until

carried up into the plenum or beyond.
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6.0 CONCLUSIONS AND RECOMMEIDATIONS

Based on the results of this study, it is apparent that the previously

assumed concentration of 10 Ag/L (wet aerosol concentration) used by Squires

to estimate release levels during a bump is slightly low. Higher aerosol

concentrations were measured during this study when a synthetic NCAW

solution was used, 26.9 to 44.3 ug/L. This data suggests that a more

conservative value of 50 pg/L should be used. The superficial velocities

within the test vessel were, however, several orders of magnitude higher than

those likely to be encountered during a bump. Because aerosol generation

decreases with superficial velocity, the aerosol concentrations reported here

should be conservative.

The estimated volumes of waste released by Squires are no different than

those reported here despite the fact that she used a lower aerosol

concentration. Squires compensated for her low estimate for the aerosol

concentration by including another term which was probably not necessary.

The second term was overly conservative, thus the net result was that she

arrived at the same volumetric ratio as derived here. Based on the

information resulting from this study, the estimated amount of material

likely to be released from a tank bump is 1.1 x 107 volumes of waste per

volume of escaping vapor.

It should be stressed, however, that radioactive aerosols are not the

only source of radioactivity being released during a tank bump. The release

of gaseous radioactive nuclides may account for the majority of the radiation

escaping to the environment should a severe tank bump occur. On the other

hand, the estimated release is conservative as no attempt has been made to

account for aerosol losses on the way to the environment due to impaction,

interception and Brownian diffusion. Small bumps will more than likely not

have high enough escape velocities to entrain a significant amount of

material. The release of radioactive aerosols should not be a significant

factor in the total amount of radiation released during a tank bump, provided

the bump is not so severe that the integrity of the tank and its ventilation

system are compromised.
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al ~ May 6, 1987 65611-87-086

R. M. Marusich B. L. Jones

3-3429

suoise .Tank Bump and Associated Release Calculation

Ref. (a) R. H. Perry and C. H. Chilton, Chemical Engineers
Handbook, Fifth Edition, McGraw Hill (1973).

(b) HW-47087, M. W. Cook, Waste Tank Temperature Studies,
January 28,1957.

(c) Crane Technical Paper No. 410, Flow of Fluids Through
Valves, Fittings and Pipe, 1980.

(d) RHO-LD-171, G. D. Campbell, Heat Transfer Analysis for

IN Situ Disposal of Nuclear Wastes in Single- and Double-

Shell Underground Storage Tanks, October, 1981.

(e) IL 65950-87-295, T. G. Hansen to B. L. Jones, "Aging Waste

Tank Pressurization Flow Rates (Tank Bump)", May 9, 1987

Reevaluation of tank bump scenarios was requested in support of the aging

waste Safety Analysis Report (SAR) revision. Past tank bump calculations
have been based on the operating history of aging waste tanks and numerous

assumptions. The Tank Farm and Evaporator Process Technology Unit (TF&EPTU)

has developed a more "definable" tank bump scenario for current aging waste

operations. The calculations will be developed by using known flow

equations and thermodynamic principles.

The intent of this study is to develop a relationship between airlift

circulator (ALC) downtime and volume of vapor released to the environment.

The data will be supplied to the Safety Analysis Group where they will

determine the amount of aging waste released to the environment and

associated dose rates. It is important to keep in mind the assumptions used

in this calcu.lation are, in most cases, conservative and are continuously

being refined as new information is received, Appendix C.

CONCLUSIONS/RESULTS
The result of the calculations are shown In Figure 1. The graph represents

the volume of vapor released as a function of ALC downtime. A comprehensive

conclusion could not be reached due to time constraints and uncertainties of

ALC downti-me, -percent aerosol and the concentration of the aerosol. The

three uncertain parameters will be assigned a value and units by the Safety

Analysis Group. To obtain the total amount of aging waste released to the

environment one would multiply the volume of vapor released (Figure 1) by

the percent aerosol and aerosol concentration. The calculations are given

In Appendix A.
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?ockwell
. International

R. M. Aarusich
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May 6, 1337

METHODOLOGY/DISCUSSION
'he following methodology was used in the evaluation of tank bump scenario:

1. An assessment of the available pathways for release to the environment

was made.

2. The total heat generated in the settled solids as a function of time

was calculated.

3. Heat released as the solids are resuspended and the resulting volumes

of steam generated were calculated.

. Average steam flow rates during the bumo e,'ent were calculated.

5. Tank pressures and resulting flow rates tnrough the ventilation system

and the environmental pathway were calculated.

S. Releases to the environment were calculated.

Each of these steps will be discussed in detail below.

ASSESSMENT OF ThE ENVIRONMENTAL PATHWAY
Tank Farm and Evaporator Process Engingeering has detennined the physical

patnways available for vapor to escape during a tank pressurization. Th e

pathways consist of three 1 inch diameter breather holes and the transfer

lines to the 152-AX diversion box. The flow through each pathway is

characterized by the Blasius equation for compressible flow. The

ventilation system was characterized by the Darcy flow equation for non-

compressible flow. In this particular case the two equations do not vary

significantly, therefore, either equation can be use. The calculations for

the flow through the environmental pathways are given in (Ref. (e)), and are

shown in Appendix B.

HEAT AND STEAM GENERATED
The temperature generated in the settled solids is calculated using the

HEATING5 computer code. It is assumed that the waste in the tank has a heat

generation rate of 4 million BTU/hr and 20 percent solids (71 ). The

resulting sludge temperatures are calculated as a function of time settled.

Figure 2 slows the results of this sludge temoerature calculation through 72

hours of airlift circulator downtime.
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Rockwel
Intemational

R. M. Marusich
Page 3
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VOLUME OF STEAM GENERATED
Resuspension of the settled solids causes a sudden release of heat into the
waste liquids. This sudden heating of the liquid causes steam generation
and the bump event. All but 19 inches of solids would be mixed and heat
would be dumped into the liquid until the solids and liquid temperatures
equilibrate. The liquid is assumed to remain at its boiling point (230 F,
Ref. (b)), therefore, all the heat released into the liquid would produce
steam. This calculation is conservative in that the heat transfer is
assumed to be instantaneous and the solids are mixed within an 8 hour
period. Normally, the heat transfer would not be instantaneous and the
airlift circulators could take longer than 8 hours to resuspend the solids.
It. is believed that once the bump is initiated the boiling of the liquid
will enhance the mixing of the solids. Currently, there is insufficient
data to characterize the heat transfer or the solids resuspension rate,
therefore, it is assumed that the heat will be released in a negative
exponential fashion. The negative exponential was chosen solely for its
characteristic of a sudden peak that quickly diminishes.

A curve representing steam generation as a function of time can be developed
for each case of ALC downtime. Figure 3 shown an example for a 72 hour ALC
downtime.

STEAM FLOW RATES
Using Figure 3, or a similar curve developed for other ALC downtimes,
average steam flow rates for the "bump" event can be calculated. An
important point is that the flow rate must exceed 9400 cubic feet per minute
in order to pressurize the tank. Once the flow rate drops below 9400 (CFM)
the tank is no longer pressurized. The curve is integrated from zero to the
time at which the flow decreases to 9400 CFM to obtain the total steam
generated during the tank pressurization. This number is divided by the
time of the pressurization to determine an average steam flow rate during
the event.

TANK PRESSURES AND FLOW RATES
A curve was developed which shows tank pressures and resulting flows through
the ventilation system and the environmental pathways (Figure 4). The
average steam flow rate calculated can then be used to determine the flow
through each pathway. Peak pressures during the event can also be
cal cul ated.

RELEASE TO THE ENVIRONMENT
The volumes of vapor released through the riser are multiplied by the
percent aerosol and aerosol concentration to obtain the total concentrated
aging waste released to the environment. The percent aerosols and aerosol
concentration will be assigned by the Safety Analysis GrouD.
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RELEASE TO THE ENVIRONMENT (cont.)

To simplify this overall process, calculations were performed for ALC

downtimes from 0 to 72 hours. These were then sum r a

reflects volume of vapor released via the environmental pathways as a

function of ALC downtime (Figure 1).

3. L. Jones, engineer
Tank Farm & Evaporator
?rocess Technology Unit

Att.

cc: G. L. Dunford
D. R. Ellingson
T. G. Hansen
M. A. Heyland
0. 14. Lindsay
0. E. MicKenney9 X
L. A. Mihalik
L. K. Mudge
0. J. Squires
J. C. cmack
J.J. Zimmer45
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APPENDIX A

AGING WASTE TANK BUMP SCENARIO CALCULATIONS

A-1

2C5

i



brmm ovnas

'4HC-SD-WM-TI-406 Rev. 0

xx NO.__ _ _ _ _ _ _ _ _

DATI

CNECKED BY ________

S"\ C. L "~"7

Op ~~ ~ L >- 7x L)a~ .z m7fu 0

D~~~~~~~~-. -- 7m rAMae JP

p I..-t og li 0-- Qc 6 9 pe C- 0^ r b! oX
-

- m 7- P

L- V-.Frso .. P"/Aber--
- um.-v a -4F t N O C 0 Z 4 /~E A

\O 4..A.- c r LV e 7

4 mo~og ecs 1 E Pr-G4

A- 2

DESIGN ANALYSIS
O -

LOCATION

$U JECT - 7 K 20 - A

ecouA

206
~-MCC



&Gaw
JOB NO.
DATI 4-vt -

CHECK10 Y

WHC-SD-WM-TI-40
6 Rev. 0

TjJE Ektf- ,kJ AL PATWV 0 A P L~ 0 ht-= 21-7

7',- ped eS C 't, -ap dx 'a. T ' F *1 e 42
O- , r.> S. a C S AA , e n c A-D

S 6. .. r

-7 S.F -A c )

-- VA s. '

To-r... \Vj z.4Tk o yJ A- -z \Aj," ,

Ie4T r-' = 4 73 c Em1.

A-3

207
80-4400-60 (A-2-79)

DESIGN ANALYSIS
FOR

LOCATIO

SUSJECT

IN

& ^w

4 /-Al/,9-,aN ,kw -ttQ*A



%cde in,*mpto mial00-0*a-o
"- I "V m a

WHC-SD-WM-Tl-406 Rev. 0

DESIGN ANALYSS
PAGI :

x a .

OAT

CXECXCEO 3 Ay

r-A 3

0 f

(K ~ -

_u r e\ oP S - P e114.

,' C (L 7D
sc.is

-ki L.0 5

T -s

-7

S76-

0'C

C 7A-,

=
\~

i

Qh-~ ;2 ~j~ThA

A-4

1CS .e C60 ____ _____.---.-

FOR

LOCATI ON

C U L

agi'2" EA Nlif 5 Gaf-A 9

-a T (--,934 r -04.76~6

!2 C < 7

QN S , ;, M Ct- L-

F-230*E

208



seawa -ft~s .e...
E-ow# W- mm 

WHC-SD-WM-TI-406 Rev. 0

-4

DESIGN ANALYSIS J08 NO.

DATt

LCATION

SUBJECT.

9'70
k I'D

CHECKED Y -

Q))

jQO J

IC 7
\-~ E -T

~4E vrpor- W ' L
ExP~ VI -~ TfJAL- Lf

-TIme. I - 1o4 f

209

50-6400-080 (R-2-79)

AJ-f "ile 64b- k I- S O-

J1-41 0-

1 -117%
0 1 w .a, -

1,477

-M

-t e, -e n,,r ate 8 A Au ^71 &~

= i-, 1 le A:o Ivi i V/OU;'e 1 T-HE T41*K

Eon 4.b

I t--- c , A ]



WHC-SD-WM-TI-406 Rev. 0

mkYvw D ti m at a DESIGN ANALYSiS
PAGE * 'r ~

03NO.

DATS 1.4- -

SY 7A L.

CHECKED SY _

!i

~8:;TM -Tr etoMs,~K :* AD

T- ,:co'7 ' cC -'"

o ia

;7 ;"Y

50 b ri-rr>4 ,A nb

7-

- 21

r-jL~7 A, -1, -r N 4 0

004 (>3 .r 2LP 573 - s-

1- ,:, -:-

w

- * C - -

- -C

- C .

;O -

LOCATION

luaSACT

C-- K? .~

T --- N---

6 a
N

3A.;-1 7 )

210

\,-- k I 47%-05 II ^0

n.-A y 5ou.3 'v's 'I~A uk -- mi #4

Sub~nrTr auKSeger?3 MD AUL)s L ZTFt

,::) r- , W^ ; ,'o C t . (=

normeo



WHC-SD-WM-TI-406 Rev.O

Fckwe Gtema'" Obm-I3s HfOW
DESIGN ANALYSIS

LOCATION

SUBAC, WIAi -Z K 20'0

s z.z. 4t/s

( 7,f"Ir i)

&b Tur7d k

4----------

1thc z~-,Ok 'AC T1 \

, 0 0-

Q2P = I JAA

u S . Trr7 A 40'5

Pe,'

C3.c Y10

~22&~
I~

76~~o

,4 .o'-4s n+c ?O I O Ze ;%) AL-W ,vo-Ir

y mU g (Dr..C iG,

A- 7
21~

3o-AOO-06O (R-2-79)

jCUa NO.
OATI 1

By 't, <

CSECKED By e-

Vk~qT) (..P -,1 W4,:z :4OL

;7-/L r- 6 r2F.-> M mqr

I J)r/



L.OCATION

34SULECT.

UIHC-SD-1M-TI-40 Rev. 0
ckwel tla AdWa

"- ~
'wwd rmfl G""

DATIE 7

CECK -aY s

P- ? LE * 7 Z jaovY Au2. 47csmc'

A

-~ ~2Y\J~ ~

Ci... ~ j:~u% ~ A
A

"I 7-- L 4J

V-~ 4~ ~k~e-~~- .-

-- 4

re-n o-. 6

-~ I/,2

Ay-- - S .-.

~TM-c~ 1MK v Ssor

-V

- 3 - 7 3

A 'I(*. I(&U

U~bA~As

I

C~ag Churt A

A t

Io44cO-o6o m7_

DESIGN ANALYS1S

212

Al-e a W as rf na SNAp

I

IOU CAua';= -r 1

ma Twp- -rA THE drEAM FLead & A TF.~ lS 9900 EM

.e Mcy to

A0~, Lc (-

QAJ 0

32,cc0 r'~T



-lcke ktfud

-ow mmw pWo
r ~~~~ I$Vn au

FOR
LOCATION

SUBJECT t/

WHC-SD-WM-TI-406 Rev. 0

PAGE______ _
JOB NO. __________

CATI _ _ _ _ _ _ _ _

CHECXKEOY By ______

F o- 4 T 4r , ~ ~C

vAA K.
C':-60# ?

3.( o o -- , 7jo

- C-.

1 u. C~
Ved 7 lo O

4HN K ?X<.%J l7

Tfessw.

76T o ory:, 1, - c nw rT-& . A,%M~ nxr R se .
Tr,- -ltE e, s4 . o ?,A & - c..- W.o 0 ." NJo 1 T- r

Tat e'-bt Y/4 h+- a-), ~6 T-< - e -:eo L.

C)4.-- 4 o L . W./r - 2 13

Are~e4 kvcso<.. kv-oscA-.9irole M.

-00 (AR-2- 7910-O4AOC

76 A

,,-r 3
-A 14

It.k!

rA- Tm

DESIGN ANALYSIS



WHC-SD-WM-TI-4O6 Rev. a

APPENiDIX 3
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Internal Letter Rockwell International

Oate. No
May 14, 1987 65950-87-333

TO: !Name Orga-iatio. in.,,eal Addtess) FROM: NAme Ogai o Z nteao a AddreSS. PRQe @

B. L. Jones T. G. Hanson

3-3515

Aging-Waste Tank Pressurization Flow Rates (Tank Bump)

Ref: Letter, May 6, 1987, T. G. Hanson to B. L. Jones, "Aging-Waste Tank
Pressurization Flow Rates"

Attachments to the reference provided estimates of the rates at which
vapors might escape an aging-waste tank due to a tank bump. The estimates
were generated by a computer program. An error has since been discovered
in the program, leading to low estimated flow rates for the higher pressure
drops considered (those above about 10 inches water gauge). A corrected
computer program, together with the altered flow rate estimates, are
attached to this letter.

We apologize for any inconvenience this error may have caused.

T. anson, Engineer
Waste Concentration Unit

TGH:ljg

cc: G. L. Dunford
S. R. Johnson
J. T. Kruszka
R. M. Marusich
L. A. Mihalik
D. J. Squires

215
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10 REM PROGRAM FCR COMPUTING AIR FLCW RATES ON TANK PRESSURIZATION
20 REM BY T. G. HANSON MAY 12, 19S7
30 REM
40 REM CALCULATES THE FLOW RATE IN CFM, USING RELATION FROM PERRYS
50 REM FOR ISOTHERMAL COMPRESSIBLE FLCW, AND THE VON KARMON-NIKURADSE
60 REM EQUATION RELATING FRICTION FACTOR TO REYNOLD'S NUMBER
70 REM
90 REM PROMPT FOR PHYSICAL CONDITIONS

95 DEFDBL A-Z
1 0 INPUT "ROUTE OF AIR FLOW"; 3$

110 INPUT "LENGTH (FT)"; L
120 INPUT "HYDRAULIC RADIUS (FT)"; D

130 INPUT "CROSS-SECTIONAL AREA (SO FT)"; A
140 . NPUT "VISCOSITY (LB/FTxS)"; U
150 REM PRINT TASLE HEADINGS

LPRINT "FLOW PATH: ", j-
165 LPRINT
170 LPRINT "PHYSICAL CONDI TIONS: "
175 LPRINT "LENGTH = ";L; " FT HYDRAULIC RADIUS - ";O;" FT"

17= LPRINT "X-SECTIONAL AREA = ";A;" SO FT VISCOSITY = ";U;" LB/FTxS"
175 LPRINT

130 LPRINT "dP" , REYNOLDS" , "FLOW RATE" , "GOOD"
IS2 LPR'NT " N WG) " , 'NUMER'," (CFM) " , "VALUET"

135 LPR:NT
0 REM :NITIAL:ZE CONSTANTS: R = GAS CONSTANT, B =GRAITATIDNAL CONSTANT,
2 REM M = MOLECULAR WEGHT, T TEMPE7A 7 RE, C = OUTLET (ATMCSPHER:7) PRES
210 R =1546: 3 32. 174: M = 29: T =674: 0 = 216. '

220 REM INITIALIZE VARIABLES
730 C 0: X = I' COUNTING VARIABLES

2 Z - 0: Z1 = 0' dP VARIABLES
2Cl = 9: X1 = .05

,SC REM GENERATE RESULTS
IF C C1 THEN 6C0

Z1 + X1*C
= .:2*Z-: dP IN LB/SQ FT

7,0P Q + H
_!:C = (P*M) / (R*T) ' COMPUTE DENSI TY

4tC REM ITERAT>VE LOOP BASED ON FRICTICN FCTOR

420 G=SQR ((P^2 - C^)*((*:)/ FLRTK
440 N = 4* (G*D) /U' REYNOLDS NUMBER

450E = ( 1.7*LOG(N*SQRE2))-.4)V^2'FRCT ICN FACTOR
-2 1F ABS (E-E2) (_E-OS) THEN -60

454 E2 = E
456 GOTO 450
460 IF ABS(E-F) ( (5E-08) THEN 490

F =E
450 GOTO 410

J= G/S
500 Y = 60*V*A
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- 505
510
514
518
519
525
530
540
590
595
600
610
620
625
630
640
650
66C.)
670
675
680
69 C)
695
700
710
720
730
740
750
800
820

840
999
0

IZ,
; ,

REM PRINT RESULTS
LPRINT USING "# .
LPRINT USING "**.^^
LPRINT USING "###.#

REM CHECK IF N IN TURBULENT RANGE
IF (N < 4000) THEN 590

LPRINT "YES"
GOTO 300

LPRINT "NO"
GOTO 300

C =0
IF X > 1 THEN 660'

X1 = .1'
Cl = 4
Z1 = Z
X = X + 1
GOTO 300

IF X > 2 THEN 700'
X1 = 1'
Cl = a
Z1 = Z
X =X +
GOTO 300

IF X 3 THEN 800'
X1 = 5'
Cl = 14
Zi = Z
X = X + 1
GOTO 300

INPUT "NEW FLOW PATH Y OR N";O.-'
IF Os <> "Y" THEN 999

LFRINT
GOTO 10f:)

END

INCREASE INCREMENT SIZE
FOR dP > 0.5

INCREASE INCREMENT SIZE
FOR dP ,> 1.0

INCREASE INCREMENT SIZE
FOR dF > 1D.0

FRCMPT FOR RERUN
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FLOW PATHz SIDE-FILL LINES TO 152-AX

PHYSICAL CONDITIONS:
LENGTH = 170 FT HYDRAULIC RADIUS - .0625 F7

X-SECTIONAL AREA = .049 SQ FT VISCCSITY = .00001418

d P
(IN WG)

0.05
1.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.60
0.70
0.30
0.90

3.00
.00

6.00
7.00
3. Co

1 0 ()
15. 00

40. 00
45. 0
50 00

55 00
60.00
65. 00
70.00
75.00
80.00
85. 00

REYNCLDS
NUMBER

3.2D+O3
4. 8D+-3
6.1D+03
7.2D+03
8.1D+03
9. 1D+03
?.?D+03
1. 1D+04
1. 1 D+04
1. -2D-+-04

1. 3D+)4
1 . D+04
1. 6D+-04
1 .7D+'04

1. 70-04

4.D-04
SD-04

5.00+04

5.5D+04
5.9D+04
6. 3D+~04
6. 7D-(-@4
9. 4D+(-4

L.:)+05

1. 70+05

.D+05

2. 2D+05
2. 3D+:5

LBF xS

FLCW RATE
(CFM)

9.0
13.5
17.1
20.3
23.1
25.6
28.0
30.2
32.3

34.4
Zs. 1
11.6
44.9
48. 1

4.

111.4
126

139.5
151.9
163.3
174.1
184.4
229. 2

."27.6

377- 3
399.3
420. 1
439. ()
456.7
473.3
489. 0
D03.3
517. 3
531.

GCCD
VALUE?

NO
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES

V __

YES
YES
YES
YES
,,YES

YES
Y ES
YES
/ES

YES

YES
YES
YES

YES
YES
YES

YES

YES
Y1ES
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FLOW PATH: SHIELDING PLUG

PHYSICAL CONDITIONS:
LENGTH = 5.19 FT HYDRAULIC RADIUS - .0219 FT

X-SECTICNAL AREA - .006 SQ FT VISCOSITY = .00001418 LB/FTxS

dP REYNOLDS FLOW RATE GOOD
(IN WG) NUMBER (CFM) VALUE?

0.05 3.9D+03 3. 9 NO

0.10 5.8D+03 5.8 YES
0.15 7.4D+03 7.3 YES

0.20 8.7D+03 8.6 YES

0.25 9.9D+03 9.8 YES

0.30 1.1D+04 10.9 YES

0.35 1.2D+04 11.9 YES
0.40 1.3D+04 12.9 YES

0.45 1.4D+04 13.8 YES

0.50 1.5D+04 14.6 YES

0.60 1.6D+04 16.2 YES

0.70 1.8D+04 17.7 YES

0.80 1.9D+04 19.1 YES

0.90 2. 1D+04 20.4 YES

1.00 2.2D+04 21.6 YES

2.00 3.2D+04 32.0 YES

3.00 4.1D+04 40.0 YES

4.00 4.8D+04 46.9 YES

5.00 5.4D+04 52.9 YES

6.00 6.OD+04 58.4 YES

7.00 6.5D+04 63.4 YES

8.00 7.OD+04 68.C YES

9.00 7.5D+04 72.4 YES

10.00 7.90+04 76.5 YES

15.00 9.SD+04 93.9 YES

20.00 1. 1D+05 108.0 YES

25.00 1.3D+05 119.8 YES

30.00 1.40+05 129.9 YES

35.00 1.5D+05 138.8 YES

40.00 1.6D+05 146.5 YES

45.00 1.7D+05 153.5 YES

50.00 1.8D+05 159.7 YES

55.00 1.9D+05 165.2 YES

60.00 2.OD+05 170.3 YES

65.00 2.OD+05 174.8 YES

70.00 2.1D+05 179.0 YES

75.00 2.2D+05 182.8 YES

80.00 2.3D+05 186.3 YES

85.00 2.3D+05 189.5 YES
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hntemal Letter Rcckwell Intemational

May 5, 1987 N 5950-37-295

TO: O ~qan.wdof-. IMMg*,,.ed ' l',sz, FN.: OgAll *,4 . ,1i Add',USC

J. L. Jones T. G. Hanson

3-3515

Aging-Waste Tank Pressurization Flow Rates (Tank Bump)

Refs: (a) Morton M. Denn, Process Fluid Mechanics, Prentice-Hall Inc.,
Englewood Cliffs, New Jersey, 1980.

(b) Letter, April 9, 1987, T. G. Hanson to 0. J. Squires,
"Aging-Waste Tank Pressurization Flow Rates"

Attachments to this letter constitute estimates of the rate at which vapors
might escape an aging-waste tank, due to a tank bump. Two paths are
considered, under a range of pressure drops. One path for vapor escape is
through breather pipes which penetrate the pump and sluice pit riser
shielding plugs. These breather pipes directly connect an aging-waste
primary tank with the pump or sluice pits that enclose the upper ends of
the pipes. Previous calculations [reference (b)] have shown that the cover
blocks capping the pits do not substantially restrict flow to the
atmosphere, compared to the breather pipes. The other path for vapor
escape is through the side-fill transfer lines to the 241-AX-152 diverter
station.

Vapor flows over these paths were previously calculated for tank
pressurization. However, the maximum pressure drop that was considered
then was limited. The calculations used the Blasius equation to determine
friction factor from Reynold's number. This equation does not apply at a
Reynold's number of greater than 1 x ;0 , and this maximum Reynol's number
limited solutions for flow across the two paths to a pressure drop of less
than a 20 inches water gauge (in. WG).

it is believed that a tank bump may cause a pressurization of more than
20 in. WG. Calculating flow rates for greater pressure drops required
using another friction factor-Reynold's number relation, the
von Karman-Nikuradse equation (see reference (a)]. The entire turbulent
regime is well represented by this equation. However, it is implicit for

friction Factor, so the solution algorithm is slightly more complicated
than that used previously for tank pressurization.

A computer program was used to determine vapor flow rates for several
pressure drops from 0.05 in. WG to a maximum 85 in. WG (see attachments).
Solution involved estimating a friction factor to determine mass flow rate
and Reynold's number. The calculated Reynold's number was used to obtain a
new friction factor. This algorithm was then repeated until the friction
factor obtained was close to the friction factor supplied. Results were
tested to determine if the estimated values were good, based on whether the

calculated Reynold's number fell within the turbulent rangie.

3-2
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Rockwell
Intemational

B. L. Jones
Page 2
May 6, 1987

Note that flow from a tank to the atmosphere via the breather pipes must
consider the number of breather pipes per tank. In AZ Tank Farm, a

shielding plug is mounted in the central pump pit and both of the sluice

pits of each tank, for a total of 3 paths per tank. In AY Tank Farm, a
shielding plug will be mounted in the central pump pit and each of the four

sluice pits of each tank prior to aging-waste service. However, modified
cover blocks at the AY-01D and AY-020 sluice pits seal the paths through
these two pits, so that the total is 4 paths per tank.

In the case of the side-fill lines, where flow may enter the 152-AX
diverter pit, estimated flow rates are substantially the same as the total

predicted flows through the breather pipes on a single tank: 51 cfm into
152-AX for a 1.0 in. WG pressurization, as compared to 66 cfm through the
breather pipes on an AZ tank. The 152-AX diverter pit, however, is

ventilated by the 702-A ventilation system through a 2-inch line. A

portion, and perhaps all, of the flow due to tank pressurization will be
drawn from the pit into the vent header.

The calculated estimates assume the following:

o Isothermal flow. While flow may be more nearly adiabatic, the values
determined using relations for adiabatic flow deviate little from
values determined using relations for isothermal flow.

o Fully developed flow. This requires sustained pressurization, and
does not consider transient conditions such as dilution by air in the
area of flow.

o No losses due to entrance effects, bends, or surface roughness.
Inclusion of these sources of loss would further reduce the estimated
flow rates.

In addition, flow through the vent header is not considered.

If you have any questions regarding these estimates, please feel free to
contact me.

T. G. Hanson, Engineer
Waste Concentration Unit

TGX:ljg

cc: G. L. unford R. M. Marusich
S. R. Johnson L. A. Mihalik
J. T. Kruszka 0. J. Squires
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10 REM PRCGRAM FCR CCMIPUTING AIR FLOW RATES ON TANK PRESSURIZATION

20 REM BY T. G. HANSCN MAY 4, 1q7

Z0 REM
40 REM CALCULATES THE FLOW RATE IN CFM, USING RELATION FROM PERRYS

50 REM FOR ISOTHERMAL CCMPRESSIBLE FLOW, AND THE VON KARMCN-NIKURADSE

60 REM EQUATICN RELATING FRICTION FACTCR TO REYNCLD'S NUMBER

70 REM
90 REM PROMPT FOR PHYSICAL CONDITICNS

95 DEFDBL A-Z
100 INPUT "ROUTE OF AIR FLOW"; JS

110 INPUT "LENGTH (FT)"; L

120 INPUT "HYDRAULIC RADIUS (FT)"; D

130 INPUT "CROSS-SECTICNAL AREA (SO FT)"; A

14C INPUT "VISCOSITY (LS/FTxS)"; U

150 REM PRINT TABLE HEADINGS
160 LPRINT "FLOW PATH: ", j-

165 LPRINT
170 LPRINT "PHYSICAL CONDITIONS:"
175 LFRINT "LENGTH = ";L;" FT HYDRAULIC RADIUS = ";D;" FT"

176 LRINT "X-SECTIONAL AREA = ";A;" SQ FT VISCOSITY = ";U;" LB/FTxS"

178 L=RINT
130 LPR NT "'P" ,"REYNCLDS", "FAW RATE", 'G1D"

12 LPR INT "( IN W) " , "NUER" , " (M)", "VALUE?"

185 LPRINT ..

200 REM INITIALIZE CONSTANTS: R = SAS CONSTANT , 9 = GRA)ITATICN AL CCNST AN7

205 REM M = MCLECULAR WEIGHT, T = TEMPERATURE, ( = OUTLET (ATMOSPHERIC) PE

210 R = 1546: 9 = 32.174: M = 29: T = 674: Q = 2116.2

220 REM INITIALIZE VARIABLES

230 C = 0: X = 1' COUNTING VARIABLES

235 2 = 0: ZI = 0 dP VARIABLES

250 C1 = 9: X1 = .05
2:0 REM GENERATE RESULTS
300 IF C '> CI THEN 600

310 C = C + 1
320 Z =Z ! + XI*C
330 H = 5.2*Z - dP IN LB/SQ FT

340 p = + H

350 S = (P*M)/(R+T)' COMPUTE DENSITY

400 F = .01
405 REM 1TERATIVE LOOP BASED ON FRICTICN FACTOR

410 K I + ((4.61*0)/(F*L))*LOG(P/Q)

420 G = SQR ( (P2 - O^2) *(3*0*M) / (F*L*R*T*K, ) )

440 N = 4*(G*D)/U' REYNCLDS NUMBER

445 E2= F
450 E = (1/.(.7*LOG(N*SQR(E2)).4) )2 'FRICTION FACTOR

452 IF ABS(E-E2) < (CE-08) THEN 460

454 E2 = E
456 GoTo 40

460 IF ABS(E-F) < (SE-CS) THEN 490

470 F = E

480 GOTO 410

490 = /S
500 Y 60+V*A
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505 REM
510
514
518
519 REM

530
540
590
595
600-
610
620
6=5
630
640
650
660
670
675
680
690
695
700
710
720
730
740
750
Soo
820
830
840
999
0

PRINT RESULTS
LPRINT USING "*.4

LPRINT USING "##.^

LPRINT USING "###

CHECK IF N IN TURBULENT RANGE
IF (N < 4000) THEN 590

LPRINT "YES"
GOTO ZOO

LF-RINT "NO"
GOTO 300

C = 0
IF X > 1 THEN 660'

X1 = .1-
Cl = 4
ZI = Z
X =X + 1
GOTO 300

IF X > 2 THEN 700'
X1 = 1'
Cl = 8
Z1 = Z
X = X + 1
GOTO 300

IF X > 3 THEN 800'
X1 = 5-
Cl = 14

Z1 = Z
X = X + 1
GOTO 300

INPUT "NEW FLOW PATH Y OR N";O'
IF O$ <> "Y" THEN 999

LPR INT
GOTO 100

END

INCREASE INCREMENT SIZE

FOR dP > 1.0

INCREASE INCREMENT SIZE
FOR dP > 10.0

PROMPT FOR RERUN

3-5

INCREASE INCREMENT SIZE

FOR dP > 0.5
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PHISICAL CCNDITIONS:
LENGTH - 5.19 FT HYRAULIC RADIUS - .0219 FT

X-SECTICNAL AREA = .006 SO FT VISCOSITY - .0000141S L3/FTxS

dp REYNCLDS FLOW RATE GOOD

(IN WG) NUMBER (CFM1) VALUE7

0.05 Z.9O+03 3.9 NO

0.10 5.80+O3 5.8 YES

0.15 7.4D+03 7.3 YES

0.20 8.70+03 8.6 YES

0.25 9.90+03 9.8 YES

0.30 1.104 10.9 YES

0.35 1-2 +04 1.F YES

0.40 1.D.4 12.3 YES

0.45 1.40+04 13.7 YES

0.50 1.5D+04 14.6 YES

0.60 1.6+04 16.2 YES

0.70 1. SD+0-4 17.7 YES

0.80 1.9D+O4 19.0 YES

0.90 2.10+04 20.4 YES

1.00 2.29+04 21
2.00 1.2+04 31.3 YES

3.00 a.OD+04 =7 S

4.00 4.70+04 46.-1 YES

5.00 5.7D+04 522YES
6.00 5.90+04 57.4 YES

7.00 5.41+04 62.2' YES

3.00 6.9D+04 66.5 YES

9.00 7.30+04 70.6 YES

10.00 7.7D04 74.3 Y;S

15.00 9.40+04 90.1 Y=S

20.00 !.10+5 02.2 ES

25.00 1.2D+05 112.0 YES

30.00 1.3D+05 1200 YES

35.00 1.4D+05 126.8 YES

40.00 1.5 +I5 132.6 YE S

45.00 1.5D+05 37-.5 YES

50.00 1.60+05 141.9 YES

55.00 1.7D+05 145.5 YES

60.00 1.7D+05 148.8 YES

65.00 1.8D+05 151.7 YES

70.00 1.80+05 154.2 YES

75.00 1.90+05 156.4 YES

80.00 1.9D+05 158.4 YES

85.00 2.OD+05 160.2 YES
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FLOW PATH: SIDE FILL LINES TO 152-AX

PHYSICAL CONDITIONS:
LENGTH = 170 FT HYDRAULIC RADIUS - .0625 FT

X-SECTIONAL AREA = .049 SQ FT VISCOSITY - .00001418 LB/FTxS

dP REYNOLDS FLOW RATE GOOD
(IN WG) NUMBER (CFM) VALUE?

0.05 3.2D+03 9.0 NO
0.10 4.8D+03 13.5 YES
0.15 6.1D+03 17.1 YES

0.20 7.2D+03 20.3 YES
0.25 8.1D+03 23.1 YES

0.30 9.10+03 25.6 YES
0.35 9.9D+03 28.0 YES

0.40 1.1D+04 30.2 YES

0.45 1.1D+04 32.3 YES

0.50 1.2D+04 34.3 YES

0.60 1.3D+04 38.1 YES

0.70 1.5D+04 41.6 YES

0.80 1.6D+04 44.9 YES

0.90 1.7D+04 48.1 YES

1.00 1.8D+04 51.0 YES

2.00 2.7D+04 75.5 YES

3.00 3.4D+04 94.8 YES

4.00 4.OD+04 111.3 YES

5.00 4.5D+04 126.0 YES

6.00 5.OD+04 139.3 YES

7.00 5.4D+04 151.5 YES

8.00 5.9D+04 163.0 YES

9.00 6.3D+04 173.7 YES

10.00 6.7D+04 163.9 YES

15.00 8.4D+04 226.2 YES

20.00 9.8D+04 265.1 YES
25.00 1.10+05 297.0 YES
30.00 1.20+05 325.2 YES

35.00 1.3D+05 350.6 YES
40.00 1.4D+05 373.6 YES

45.00 1.5D+05 394.8 YES

50.00 1.6D+05 414.2 YES

55.00 1.7D+05 432.3 YES

60.00 1.80+05 449.1 YES
65.00 1.9D+05 464.8 YES

70.00 2.OD+05 479.5 YES

75.00 2.1D+05 493.3 YES

80.00 2.1D+05 506.3 YES

85.00 2.2D+05 518.6 YES

225
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ASSUMPTIONS

1. 50. Contingency was given to the environmental pathway flow rates.

2. The solids temperatures were developed from HEATING5 computer code.

The computer code does not account for percolation or evaporation.

3. Heat load in the waste solids is 4 million BTU/hr and the tank waste

has 20. solids.

4. Maximum ALC downtime will be no longer than 72 hours.

5. All but 19" of solids would be resuspended when the ALC's are

restarted. This was assumed because during normal operations up to 19"

of solids in a full tank are expected to settle the ALC's are used.

6. Boiling temperature of the liquid waste is 2300 F.

7. The heat transfer occurs instantaneously as solids resuspend.

8. The solids resuspension takes place over 8 hours in a negative

exponential fashion.

9. Heat is transferred until the solids and liquid temperatures

equilibrate.

10. The capacity of other tanks on the vent system to buffer a

pressurization is not considered.

227

C-2



~21
C)

~ 1

~3

0

N
u i

2 )

x

4'.

xv

coA
C,

1)

Kj

I')

T~4~

J 'A

1"

0)

2

*1)

t~r)

I~)

k

~aJ

-~ ~.j ~V
f'?

I

C, j~; 4c

~-41 ~
~{V ~

) r ~ .1

-o

-Y

-'I

'4'
U

~.Y)

I.



WHC-SD-WM-TI-406 Rev. 0

'23

-,, -

fr~ & -- ,/

/d,-:.

- -~

-A * - ~

= 7 Z ' M Jt A

21 f t A,a

A z / -L 3 -z / 9

So(2se- p

LZ- 54 ce

~JA6

229

&* p i g;9 fy

-sp 51 z</ R-

eoc



- - ~~*' 4
-.z. '-"--

(~'y~' §<
C

'- -, ~-'-, 
x

-I

'CruCAJ:('

A'

I -

'7-
- Kv~.c~A2 '( ~-,-,

y!
4' / ~

k I

A

/

"HC-SD-!-TI- Rev. 0 230

- - I

-

K -

- ,

rt~

- -

4-

/~jc C~,
~-4J-. ~-

7 / -

/

1

Q I ! - C

p -r
/ fu , , F 1 - Z

2

-7473



WHC-SD-WM-TI-406 Rev. 0

WJ Powell
?2ge 2
Sept2mber 30, 1987

Such factors as moisture content or ccmpaction can radically alter the
thermal conductivity of the specimen. Unfortunately, the conditions of

the samples were not very well documented. Physical conditions of the

samples were categorized by such loose terms as "very wet", "damp coffee

grounds', or 'dry soft powder'. Useful knowledge is the fact that the

*dry soft powder" had the lowest thermal conductivity reading, as would
be expected. The value of 0.08 BTU/(hr ft F) is of interest in the

event that the solids should dry out.

The tank thermal response modeling work, Reference (a), resulted in a

high, low, and weighted average values of 1.97, 0.37, and 1.10

BTU/(hr ft F) respectively. Whereas modeling involves its own
inaccuracies, the work was based on undisturbed samples and the modeling
itself is representative of the future end use of the values obtained.
The values, as a whole, are greater than those of Reference (b), and may
reflect either the fact that the solids were undisturbed, or that there

exists some additional mechanism in the tank environment that boosts the

effective conductivity of the solids.

CONCLUSIONS AND RECOMMENDATIONS

Based on the results of References (a) and (b), a range of thermal
conductivities for tank solids of 0.35 to 2.0 BTU/(hr ft F) should be

adopted for the modeling of tanks under normal operating conditions

(i.e.; moist, supernatant covering the solids, etc.). For a scenario in

which solids were to dry out, a thermal conductivity as low as 0.08
BTU/(hr ft F) would not be unreasonable.

D.W. Rodenhizer, Engineer
Waste Management Separations
Process Technology Unit

kmw
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afo: 'asta Management Separation Proc2ss Technolcy Unit

Phone: 373-3297 2750E/A219/200E
Date: Saotamber 30, 1987
Subiect: THE-MAL CONDUCTIIYM OF TANK WASTE SOLIDS

To- UJ Powell 2750E/A120/200E

cc: JN Appel M 2750E/200E
GL Dunford 2750E/200E
DR Groth 2750E/200E
NR Kerr MO-222/200E
JT Kruszka 2750E/200E
LA Mihalik 2750E/200E
DWR File/LB

REFERENCES:

(a) IL 65610-84-1 8, D.C. Riley to K.G. Carotners, "70 KBTU/hr

Limit Review for Double Shell Tanks."

(b) ARH-CD-378, July 1975, D.G. Bouse, "Thermal Conductivity of

Hanford Waste Tank Solids & SX Tank Farm Soil Samples.'

INTRODUCTION

Thermal conductivities of tank waste solids are a vital part of any

modeling effort aimed at determining the thermal response of tank

wastes. Actual values for these properties are not well known and

cannot be readily ascertained by theoretical means based on the

composition of the waste in question. Previous work has focused on

direct measurement of tank waste solids samples; Reference (b), and on

modeling tank thermal response to implicitly obtain conductivities;

Reference (a). This letter represents a merging of these works into a

range of values to be used for thermal conductivity of tank solids in

future analyses.

DISCUSSION

The thermal properties of aging waste solids are assumed to be similar

to those of non-aging waste solids. Aging and non-aging wastes vary in

composition, but the ranges of values for the thermal properties are

limited, and are expected to remain the same.

Direct measurement of the thermal conductivities of tank solids samples,

Reference (b), resulted in a high, low, and average values of 1.07,

0.08, and 0.40 BTU/(hr ft F) respectively. Measurements of samples

removed from their operating environments, hcwevcr, always carry the

risk of involving inaccuracies due to -hsn sanplie : Iditions.

Ha ,od fpVtins an Enipneein CzcgTrc. $or ' US D8r^rneM c F;'W9Y
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Hanford Ccmpany

From:
Phone:
Date:
Subject:

To: R.M. Marusich

cc: D.R.
D.E.
L.A.
J.J.

References: (1)

Ellingso
McKenney \j
Mihalik
Zimmer

13311A-87-192

R3-02

R1-80
R2-11
R2-11
R2-05

RHO-LD-171, G.D. Campbell, "Heat Transfer Analysis for
In Situ Disposal of Nuclear Wastes in Single- and
Double-Shell Underground Storage Tanks", October, 1981.

(2) Internal Memo, D.W. Rodenhizer, "Thermal Conductivity
of Tank Waste Solids", September, 30, 1987.

The Tank Farm and Evaporator Process Technology Unit has been requested
to verify that the proper thermal conductivity (k) has been used in the
analysis of an aging waste tank bump. The tank bump report assumes the
HEATINGS computer code uses a thermal conductivity of 1.0 BTU/hr.ft. F
(see Reference 1). A recent letter was issued designating that the
worst case thermal conductivity can be as low as .08 BTU/hr.ft. F for
dried solids (see Reference 2). To determine the effect of the thermal
conductivity a number of runs were made for a 72 hour heat period. The
data input to HEATINGS computer code is listed below.

Specific
Heat

(BTU/lb. F)
.2

.2

.2*

.2

.2

Thermal
Conductivity
(BTU/hr.ft.F)

3.0

2.0

1.0*

.25

.08

Density
(lb/ft3)

113

113

113*

113

113

Average
Temperature

(F)
444

448

454

459

460

* These numbers represent what was actually used as input to
HEATING5 computer code for the aging waste tank bump.
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The results show that the thermal conductivity does not have a large
impact on solids heat-up for the time period examined (72 hours). The
calculations are based on the solids being at a constant thermal
conductivity throughout the heat-up period. Realistically, the thermal
conductivity would change during the solids heat-up as a function of
moisture in the solids. The wet flocculent solids are assumed to have a
thermal conductivity of 3.0 BTU/hr.ft.F. with a decreasing thermal
conductivity as the moisture is driven from the solids. The HEATING5

computer code is unable to use a variable thermal conductivity,
therefore 1.0 BTU/hr.ft.F was chosen as a representative number since

the thermal conductivity will vary from 3.0 to .08 BTU/hr.ft.F.

If you have any questions pertaining to this subject please contact me.

B. L. Jones, Engineer
Tank Farm & Evaporator
Process Technology Unit

kjr
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L. A. Mihal ik // R2-11
A. R. Schade R3-09
J. C. Womack R2-18
J. J. Zimmer R2-05
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Reference: Internal Memo, B. L. Jones to R. M. Marusich,
"101-AZ Tank Bump and Associated Release Calculation,"
September 1, 1987.

The purpose of this letter is to clarify and discuss the HEATING5
computer code, inputs to the HEATING5 program and the HEATING5 output
data.

HEATING5 Computer Code Introduction.

This section is a condensed introduction to the HEATINGS computer code.

The completed introduction is attached (see Attachment 1).

HEATINGS is a generalized heat conduction code designed to solve steady-
state and/or transient heat conduction problems in one- two- or three-
dimensional Cartesian or cylindrical coordinates. The thermal
conductivity, density and specific heat may be both spatially and
temperature-dependant. The thermal conductivity can be anisotropic.
Materials may undergo a change of phase. Heat generation rates may be
dependent on time, temperature and position, and boundary temperatures
may be time-dependent. The boundary conditions, which may be surface-
to-boundary or surface-to-surface, may be fixed temperatures or any
combination of a prescribed heat flux, forced convection, natural
convection and radiation. The boundary condition parameters may be
time- and/or temperature-dependent.

The point su cessive over-relaxation iterative method and a modification
of "Aitken& extrapolation process" are used to solve the finite
difference equations which approximate the partial differential
equations for a steady-state problem. The transient problem may be
solved using any one of several finite difference schemes. These
include an implicit technique which can range from Crank-Nicolson to the
Classical Explicit Procedure, an explicit method which is stable for a
time step of any size, and the Classical Implicit Procedure, which
involves the first forward time difference. The solution of the system
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of equations arising from the implicit technique is accomplished by the
point successive over-relaxation iteration, and includes procedures to
estimate the optimum acceleration parameter. The time step size for
implicit transient calculations may be varied as a function of the
maximum temperature change at a node. Transient problems involving
materials with change-of-phase capabilities cannot be solved using the
implicit technique with this version of HEATING5.

HEATING5 Inputs and Assumptions

This section will cover the inputs to HEATING5 that were used in the
101-AZ tank bump analysis (see Reference). There are many inputs so
this letter will group them into pertinent sections and discuss each
input in some detail.

TANK YODEL GEOMETRY

The tank geometry was input into the HEATING5 computer code as radial
and axial coordinates. Tank 101-AZ was used as tne mocel (typical aging
waste double-shell tank). This included the primary tank, annulus tank,
wall concrete, floor concrete and thermal concrete. The waste volumes
include 10 inches of cold solids, 53 inches of new solids (15% by
volume) and 970,000 gallons of liquid waste. Attached is the actual
model that was input into HEATINGS (see Attachment 2).

MATERIAL CHA-RACTERIsT:CS

The materials used in the conduction problem are listed wit their
thermal conductivity, specific heat, and density. The solids thermal
conductivity is the only questionable input. This thermal conductzvy
will range from 3.0 to .08 BTU/hr.ft.F. The comQleted list of material
input characteristics are given below.

Thermal Specific
Material Conductivity Heat Censit

(BTU/hr.ft.F) (3TU/Ib.F _I__/_t-

Concrete .54 .21 144.0
Hot Solids 1.0 .20 113.0
Cold Solids 1.0 .20 113.0
Soil .25 .22 113.0
insulating .11 .20 52.0
Concrete
Air .016 .24 .071
Supernatant .392 1.0 52.4
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BOUNDARY CONDITIONS

The boundary conditions were selected based on geological data and worst
case assumption. The boundary conditions for the double shell tank
model are listed below:

1) A 70 F forced convection and ground level (assumed).

2) A 55 F isothermal temperature boundary at a depth of 200 feet.
This is due to the water table which runs at a constant 55 F
(actual geological data).

3) A 70 F adiabatic boundary at 50 feet radially. This assumption
simulates a tank in the middle of a large array of tanks, all
generating the same amount of heat.

4) The liquid-solid interface is at a constant temperature (190 F).
This assumes that all the heat released to the liquid will turn to
steam/vapor and exit the system. (190 F reflects the actual
temperatures seen in Tank 101-AZ).

RADIOISOTOPE DECAY

The final input of importance is the radioisotope decay function. This
is entered into the program as a material heat generation half-life.
In this case that will be the solids. The half-life is calculated to be
443 days.

HEATING5 Output Data.

The output data is in the form of temperatures at different nodes
throughout the tank model. The number of nodes can be changed and
varied in this model to reflect large distances between different
materials. The output for tank 101-AZ at 210 hrs heat-up time is
attached (see Attachment 4). The 210 hour heat-up time was chosen
because at this time the tank would just pressurize if a tank bump
occurred. The minimum solids temperature for the 101-AZ tank is 251 F
and the maximum is 310 F, which is an average temperature of 280.5 F.
The cold solids temperature is important because the thermal couples are
located 3 to 4 inches from the tank bottom and will be covered
completely with cool solids. The temperature at 210 hrs is 298 F, which
is a maxium 12 F difference.
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Recalculation with a thermal conductivity of 0.08 BTU/hr.ft.F results
in the time required to achieve conditions critical to a bump occurring
decreasing to 126 hours (see Attachment 3). This is considered very
conservative in that the low thermal conductivity value is assumed to
be in effect throughout solids heat-up (even when the solids are
wetted).

B. L. Jones, Engineer
Tank Farm & Evaporator
Process Technology Unit

kjr
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1. INTRODUCTION

HEATING5 is the latest version of -The HEATING Program.- where HEATING i an

acronym for Heat Engineering and Transfer in Nine Geometries. HEATING was onginally

developed by Liguori and Stephenson (Rdf. 1) from Fowler and Volk's generalized beat

conduction code. GHT (Ref. 2). Other modifications to HEATING have been reported

previously (Ref. 3 and 4).
HEATINGS, a modified version of HEATING3 (Ref. 4), has been stored on disks at the

Computing Centers at Oak Ridge National Laboratory (ORNL) and the Oak Ridge Gaseous

Diffusion Plant (ORGDP) and is available to users in Oak Ridge. This report, which is

designed as a user's manual, discusses the capabilities of HEATING5.
The major improvement in the code is the incorporation of an implicit scheme to solve

transient problems. Of the three basic algorithms which are available in HEATINGS to solve

transient problems, the implicit scheme is the recommended approach for most problems. This

scheme is written generally to include the Crank-Nicolson finite difference equations. the

classical implicit or backwards Euler finite difference equations, or a linear combination of the

two. The resulting system of equations is solved by the point successive overrelaxation iterative

method, and the technique includes procedures to estimate the optimum acceleration parameter

as a function of time. The time step size for the implicit transient calculations can be

controlled explicitly through the input data or implicitly by specifying the maximum

temperature change or maximum percent of relative change in temperature allowed at a node

over a time step. The temperature-dependent parameters may be reevaluated as a function of

the number of iterations for steady-state problems. Another modification allows selected

materials to undergo a change of phase. However, the implicit technique for transient problems

. cannot be used for problems involving materials with change-of-phase capabilities with this

version of HEATING5. Another feature which has been added to the code is the capability of

solving one-dimensional, spherical models. Among other improvements incorporated in the new

code are input and * output modifications designed to facilitate data preparation and

interpretation of results. The input formats for the material parameters, the hcat generation

rate functions and the initial temperature functions have been changed. The position-dcpcndent

functions and the time-dependent functions have been deleted. Analytical and tabular functions

have been added to aid in the definition of input parameters. An option to allow the user it

write his own subroutines to evaluate many of the input parameters has been added Lo the

code. Thus. if an input parameter cannot be described with the built-in analylical or tahuLir

functions, then the user may easily supply his own algorithm to evaluate the parameter. I his

concept is referred to as user-supplied subroutines. The boundary condition parametcrs may he
time- and/or temperature-dependent or if they are def-med in user-supplied subroutines, they

can also be position-dependent. The thermal conductivity, density and heat capacity can also be

time-dependent if they are defined in user-supplied- subroutines. For two- and three-dimensional

problems, the temperatures in each plane are printed in the form of a map which depicts the

material boundaries. This feature enables one to monitor the temperature distribution in a

plane with minimal effort. A nodal map accompanies the first temperature map which allows

one to readily locate a node and its temperature.
The numerical techniques for the steady-state and transient calculations are discussed in

Section 2. The use of the code to solve physical problems is presented in Section 3. An outline

of the input data is included in Section 3.8. An output description is presented in Section 4.

The appendices include information on the control cards necessary to use the code al

ORNL and ORGDP. nomenclature, information on the use of user-supplied subroutines, and
sample problems.

The user is cautioned that this code is not a black box which digests the input data and

automatically yields the correct solution to the physical problem. Care must be exercised in

correctly simulating the physical problem as well as in interpreting the results from the code.
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or sieady-szate problems, one must experiment with the men spacing in order to ;ain

confidence in the numencal soiution to a model of a physical probierm. For instance. numernci

soutions must be obtained for several different mesh spacmgs, then these soluuons must be

compared and the diiTeren tbhat ame noted at points of interest must be acceptable. In

addition, one must also experiment with the convergence criterion. When the criterion us

satisfied. it only guarantees that the temperatures did not change more than a speciud amount

over the previous iteration. This is suilicient for many problems. but it is possible to have a

problem which is converng so slowly that the coavergence criterion is satiseed even though

the last iterate is a very poor estimate of the true solution to the model. Again, one must

make several calculations with different convergence criteria and compare the results before

obtaining confdence in the soiution. For transient problems, one must experiment with the size

of the time increment as weil as study the effects of varying the mesn spacg and convergence

cnteria.
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DATE: 081987
HEATINGS AGING WASTE TANK EAT GEN 7BTUHR DA2.:081987

-HETIG5TRANSIENT TEMPERATURE DIST RIBUTION AFTER 38 TIME STEPS. TIME - 2.10000*002

GROSS GRID

FINE GRID
DISTANCE

1 1 .00
2 3.08
3 6.17

2 4 9.25
3 5 13.25
4 6 20.25

7 22.17
S 24.08

5 9 26.00
10 32.80
11 39.60
12 46 .40

6 13 53.20
7 14 54.20
8 15 55.00
9 16 55.60

10 17 56.60
11 11 57.60

19 105.07
20 152.53

12 21 200.00

TIME: 084456

I I I I I I I I

4 5 a 7 8 9 10 11

0 500 1400 23.00 29.00 35.00 37.50 40.00 40.75 41.50 60.00
00 5-- 4. 23.03 7 -- 04--7B,13-- 7Q45----70728 ---- 7010 ---- 69199

711Sj----7j,77---- 71TS6 ---- 71795 ---- 7171 --- 7079 --- 737020724739
110123 110.23 110.05 104.81 98.23 94.18 88.81 81.53 1.20 72.48 69179

149173 149.72 149.41 140.53 126.14 118.12 107.40 92.92 84.31 74.92 69158

188122---188719---188700--- 18S80 154.29 142.88 126.19 104.31 91.48 77.40 69137

100 .00 .00 loo8180--- 186703---184121 151.82 119.01 100.74 80.97 89113

100 .00 .00 .00 .00-18- 178---188133---129100---11271 ---- O 141 69128

100 .00 .00 .00 .00 .00 188191 111118 108.61 104165 70100

00 .00 .00 .00 .00 .00 188195 110163 109.71 108157 70134
10 00 .0 .0 811 111I02 110.35 109166 70I44

189IS4 --- 169r5l--- i8g9aO--- 188;778--- 188783--- i@79---19lI34 111I102 110.45 109I77 7OI44

191124 191.22 191.08 190.81 190.72 190.43 190134 111113 110.45 109177 70145

196153 196.52 196.46 196.33 198.25 106.08 196100 111120 110.48 109178 70145

212144 212.44 212.42 212.35 212.26 212.06 211196 111150 110.66 109184 70147

2519 2I2-ST1--2I~6..2I6 - S-6 -250138 116123 114.64 112147 72128

20182--- 31 -2 ----310 21 --- 231G 1O---31 0 - -- 308795 304184 128135 125.32 120188 81142

397 --- 2 80 9 --- 2 8-25--- 29673 - -- 81 4- - - . - 289181 143138 137.76 130187 94113
227134 --- 2324 --- 2 2359--- 231592--- 23 7---227- - 06113---161179 149.53 140170 108123

207150 -21224 --- 21439---21470--- 2140---209189 98.91 173.59 167.10 161123 141103

191127 -- 19194 190.80- 190.80 190.80 19018 - - 891--- 18654--- iS6A--- 8S108 181192

145100 145.00 145.00 145.00 145.00 145.0 45.00 145.00 145.00 145.00 144199
14100 140.00 140.00 140.00 140.00 0.0 00.00 100.00 100.00 100.00 100100

551 ~ ...- S..-8- -55700---- 500 ---- 5600---- 5700----5SIoo

TEMPERATURES ON NUMBERED BOUNDARIES

BOUNDARY NUMBER TEMPERATURE
1 190.000000 .:A)r 6,~P-1 G 1t
2 55.000000
3 70.000000 o ThV
4 190.000000
5 .000000 C(5c) I; o c,

THE CURRENT TIME STEP (DELTAT) - 6.00000000+000

ELAPSED CPU TIME IS 44.07 SECONDS

THE MAXIMUM TEMPERATURE IS - 3.10214+002

MAX. TEMP APPEARS AT NODES - 126

THE MINIMUM TEMPERATURE IS - 5.50000+001

MIN TEMP APPEARS AT NODES -

TIME

216.000
2.160004002
2. 16000+002
2 16000+002

NO
ITER

1
2
1

MAX HEAT
RESIDUAL

210.000
1.13211-005
4.43039-007
1.05067-007

201
206
211

BETA

1.05500*000
1 05500+000
1.05500+000

(+-0.11

127

(*-0 .1)
202
207

203208

LI NORM OF RHO
TEMP DIFF (ITERATION)
9.493
.00000 .00000
.00000 .00000
.00000 .00000

204209

RHO
(JACOBI)

-00000.00000
.00000

205210

NO 1 NORM OF
ITER TEMP DIFF

NODE MAX TEMP NODE MAX PERCENT
CHANGE TEMP CHANGE

1 8.55053-006
2 3.17679-008 137 1.20628+000 137 1.59132-001

(Dr

ct

NO
[ME

39
39
39
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Reterences: 1) Personal Communication, W. B. Wolfe, February 1988.

2) Memo, J. D. Ludowise to R. 0. Wojtasek, "Basis for
Projecting Hanford Site Waste Volumes for the Period
Fiscal Year 1.988-2017," January 22, 1988.

This letter provides an analysis of future aging waste tank operations
based on discontinued operation of the N Reactor and continued
reprocessing of the current irradiated fuel backlog. in particular,
aging waste volumes, radionuclide concentration, heat loads, and sludge
levels are discussed with respect to tank space and design needs.

To1roduction

Changes in the production missions at the Hanford site have
significantly changed the volume and characteristics of aging waste
which is expected to be stored in the double-shell tanks. These changes
alter future tank space needs, particularly the need for construction of
the AQ Tank Farm and the conversion of Tank 107-AN for aging waste use.
In addition, design parameters and shielding for projects involving the
AY and AZ aging waste tanks are affected. The information here provides
suppor: to decisions regarding these orojects.

A backlog of both weapons and fuels grade material is currently being
stored in the fuel basins, and it is presumed that this backlog will be
reprocessed in the PUREX Plant. However, it is assumed that no new fuel
will be irradiated in the N Reactor and that no non-N Reactor fuel will
be reprocessed.
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Summary

Even with an aggressive PUREX Plant operation schedule and upper-
bounding aging waste characteristics, the AY and AZ tank farms provide
sufficient storage capacity for current and future aging waste. The AQ
Tank Farm and conversion of 107-AN are not required for aging waste
operation.

The maximum waste heat generation rate in a single aging waste tank is
projected to be 700,000 BTU/hr, and the maximum total for the AY/AZ Tank
Farms is projected to be 1,200,000 BTU/hr. Even with additional
provision for steam coil operation, the total heat generation rate will
be significantly below the previously anticipated design requirement of
15 million BTU/hr. Figures 1 and 2 show future aging waste heat
generation rates for the individual AY and AZ tanks as well as for the
combined tank farms.

Upper-bounding radionuclide concentrations for a single tank and the
combined tank farms are listed in Table 1. Substantial decreases in
short-lived radionuclide concentrations decrease design and shielding
requirements. Decreases in the total quantities of long-lived
radionuclides may decrease ventilation system treatment needs.

Discussion

Fuel Reprocessing Schedule

Currently, the fuel storage basins contain 715 metric tonnes of uranium
(MTU) of weapons grade irradiated fuel and 1764 MTU of fuels grade
material (Reference 1). In addition, the N Reactor is currently charged
with approximately 365 MTU of fuel, some of which is partially
irradiated (Reference 1). This fuel is expected to be discharged during
the early part of fiscal year (FY) 1989.

It was assumed in the analysis that the fuel will be reprocessed in the
PUREX Plant according to the schedule shown in Table 2. The weapons
grade reprocessing schedule is consistent with the no N Reactor case
provided in Reference 2. To provide an upper-bounding heat generation
rate, the order of particular campaigns was chosen such that fuel with
the highest heat generation is reprocessed first (to the extent that
this was consistent with References 1 and 2). It was also assumed that
the fuel discharged from the N Reactor in FY 1989 is reprocessed
immediately.

The schedule for reprocessing the fuels grade material is somewhat
accelerated compared to Reference 2. This provides an upper-bounding
source term, and is not unrealistic with regards to PUREX Plant
capacities.
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FIGURE 2:PROJECTED HEAT LOADS FOR AY/AZ TANKS

1.200 -TOTAL HEAT AY/AZ TANKS

1.000-

-7)z
0.800 -

AA

0.600 - 10-,..

0.400

101-AZ
0.200 101-AY

0.000 -01 -A0

10/87 10/88 10/89 10/90 10/91 '92

I



'4HC-SD-WM-TI-406 Rev. 1

J. N. Appel, et al. 13314-88-041
Page 5
March 29, 1988

The isotopic content of the fuel stored in the basins was evaluated
based on the irradiation history and actual discharge dates. The
isotopic content of the partially irradiated fuel now contained in the
N Reactor was assumed to be the equivalent of 100 MTU of weapons grade
fuel with a discharge date of January 20, 1987. The waste volume from
reprocessing the partially irradiated fuel was still calculated based on
365 MTU.

Fuel from sources other than the N Reactor was not considered in the
following analysis because no projects are currently planned to
accommodate its reprocessing. However, reprocessing of fuel from the
Fast Flux Test Facility (FFTF) and fuel blankets from the Pressurized
Water Reactor (PWR) II at Shippingport has been considered in the past.
An analysis of the effects of waste from those fuels is given in
Appendix B.

Agina Waste Tank Fill

The AY and AZ tanks are the designated aging waste tanks. Tank 101-AZ
reached its maximum aging waste fill in March 1986. The waste in 101-AZ
is now 'aging" and new waste additions are not planned. Tank 102-AZ is
the current active aging waste receiver. If a third aging waste
receiver tank is required, it is assumed that Tank 101-AY will be used.

One of two operating specifications is expected to limit the fill of
102-AZ. The sludge level/sludge temoerature limit could bound 102-AZ
waste additions if the level of settled solids continues to increase at
the rate initially observed in 102-AZ. Given the observed solids
accumulation rate, it was determined that at a minimum all of the waste
1rom weacons grade reprocessing could be added to 102-AZ without
exceeding the soecification. This would leave 1754 MTU of waste from
the fuels grade reprocessing, which could then be stored in 101-AY
without exceeding any operating specifications. This evaluation is
presented in Appendix A.

If, as is postulated, the sludge accumulation rate decreases
significantly with further waste additions, the 5M sodium limit would be
more likely to limit the fill of 102-AZ. The sodium concentration in
the tank before February 1988 was 1.6M with a fill of 323". The maximum
currently allowed during routine operations is EM Na at 358'. if the
PUREX process generates aging waste at the projected rate of 245 gal/hot
MTU (5M sodium basis), an additional 2840 MTU could be processed in
filling 102-AZ. This would essentially accommodate the entire 2844 MTU
of available fuel.

At a waste generation rate of 276 gal/MTU (observed in FY 1986), waste
from reproceszing approximately 2500 MTU could be s tored in 102-AZ. At
a rate of 435 gal/hot MTU (observed in FY 1985), tank 102-AZ could
accommcdate an additional 1600 MTU reprocessing. The remaining 344 MTU
Ind 1244 MTU respectivelv 4n the latter two cases could be accommodated

243



WHC-SD-WM-TI-406 Rev. 0

J. N. Appel, et al. 13314-88-041

March 29, 1988

by 101-AY.

Retrieval of aging waste for B Plant pretreatment is expected to begin
in FY 1991. For each tank of aging waste retrieved, a tank of
transuranic solids will be generated which must be stored in an aging
waste tank. These activities can be supported by the existing AY/AZ
tanks.

The various tank fill scenarios are shown in Figure 3. In all cases,
the aging waste volumes anticipated in the future can be stored
adequately in the AY/AZ tanks. Two to three tank volumes will contain
the aging waste (or TRU solids generated by pretreatment of the aging
waste) and the fourth tank volume will provide one million gallons spare
capacity, either in a single tank or distributed between two tanks.
Neither AQ Tank Farm nor conversion of 107-AN to an aging waste spare is
required to support aging waste operations.

Radionuclide Concentrations

Table 1 provides three upper-bounding source terms. Column 1 represents
the source term with the maximum concentrations of short-lived
radionuclides. This coincides with the peak heat generation rate during
reprocessing of the weapons grade backlog during FY 1988-89. Column 2
provides the source term with the maximum concentrations of long-lived
radionuclides. This represents filling 102-AZ with waste from both the
weapons grade and fuels grade reprocessing, and may occur as early as FY
1991. Column 3 indicates the maximum combined AY/AZ radionuclide
inventory, and coincides with the end of all fuel reprocessing.

Because there will be no fresh fuel for PUREX Plant reprocessing,
concentrations of short-lived radionuclides have decreased several
orders of magnitude. This could reduce shielding requirements in
projects involving the AY/AZ tanks such as core sampling.

The concentrations of long-lived radionuclides in a single tank remain
the same order of magnitude, but decrease for the overall AY/AZ system
because of less total fuel reprocessing. This may decrease treatment
needs in the tank ventilation system. The new source terms should be
evaluated for impacts on planned upgrades to the AY/AZ tank support
systems.

B Plant pretreatment of aging waste will affect radionuclide inventories
in the aging waste tanks. During the pretreatment washing process, most
of the soluble radionuclides and potentially most of the volatile
radionuclides will be separated into a stream which will go to non-aging
waste tanks. The solids which are returned to the aging waste tanks
will be depleted in those radionuclides. This effect should be
considered in evaluations of future AY/AZ upgrades.
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Heat Generation Rates

The heat load projections for 102-AZ for two bounding scenarios are
shown in Figure 1. The maximum waste heat generation in both cases is
approximately 700,000 BTU/hr, of which a maximum of 610,000 BTU/hr is
associated with the solids phase. (The difference is the contribution
from soluble Cs-137/Ba-137m.)

The projected heat generation rates for 101-AZ, 102-AZ and 101-AY are
shown together in Figure 2. This assumes the case where waste from
weapons grade fuel processing is stored in 102-AZ and waste from fuels
grade processing is stored in 101-AY. It can be seen that the heat
generation in 101-AZ and 101-AY will always be less than the potential
maximum in 102-AZ.

The total heat generation rate for the two tank farms is also shown on
Figure 2. This total is independent of the distribution of waste among
the four available tanks. The maximum aging waste tank farm heat
generation rate will be 1.2 million BTU/hr during FY 1988-89, decreasing
to 1 million BTU/hr in FY 1991.

.. A. Mihalik, Engineer
Tank Farm Process Technology Section

kj r
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UPPER-BOUNDING RADIONUCLIDE INVENTORIES

Isotooe

Maximum Single
Tank--Short-Lived
Isotooes (Ci)

2.2E+03
1.2E+02
2.3E+04
1.1E+01
7.1E+02
2.4E+01
1.6E+04
4.4E+06
4.4E+06
6.IE+04

1. 1E-+02
2.5E+01
1.3E+05
2.SE+05
9.8E+02
8.OE+02
1.4E+03
1.2E-03
3.3E-06
3.3E+06

2.E.00

3.5E+~02
7.9E+01
i.6E+03
7.9E+01
6.2E+00
3.0E+03
3.9E400
5.2E+03

Maximum Single
Tank--Long-Lived
Isotooes (Ci)

6.OE+03
4.7E+02
2.4E+04
4.3E+O1
1.2E+03
8.9E+01

1.4E+07
1.4E+07
1.3E+00

4.iE+02
1.8E-02
6.9E+00
1.5E-01
3.IE-02
3.CE+03
1.3E-04
1.2E-04
7.5E+05
7.5E+05

1.3E-01
1.1E+.00

4.3E-01
3.6E-01
4.8E+03
3.6E-01i
4.1E-06
2.7E+02
7.SE+01
3. 4E+O1

Maximum Total
AY/AZ Tank Farms

(Ci)

9.1E+03
7. CE+02
3.9E-04
5.3E01
1.9E+03
1.3E+02
5.SE-02
2.1E+07
2.1E+07
1.3+00

5.1E-02

4.4E+03
1.ZE-04

.2E-04
1.0E-06
1.3E+06

'9.3E+-01

1.7c-01
7.2E:+03
3.7E-01
4. lE-O6
3.2E+02
9.0E+01

*.5E+0i

H-3
C-14
Fe-55
Ni-59
Co-60
Se-79
Sr-89
Sr-90
Y -90
Y-91

Zr-93
Nb- 93m
Zr-95
Nb -95
Nb- 9 5m
Tc-99
Ru- 103
Rh- 103m
Ru-106
Rh-10 6

Pd- 107
Ag-110
Ag- 1Om
Sn- 113
Cd- 113m
in-113
Cd-I 1m
Sn-119m
Sn-121m
Sn-1 -
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TABLE 1

UPPER-BOUNDING RADIONUCLIDE INVENTORIES

Isotope

Te-123m
Sb-124
Sb-125
Te-12 m
Sn-126
Sb-126
Sb-126m
Te-127
Te-127m
Te-129

Te-129m
1-129
Cs-134
Cs-135
Cs-137
Ba-137m
Ce-141
Pr-143
Ce-144
Pr-144

Pr-144m
Pm-147
Pm-148
Pm-148m
Sm-151
Eu-152
Gd-153
Eu-154
Eu-155
Tb-160

Maximum Single
Tank--Short-Lived
Isotopes (Ci)

4.lE-02
2.4E+00
3.5E+05
8.3E+04
3.7E+01
5.2E+00
3.7E+01
1.1E+04
1.1E+04
4.9E+00

7.5E+00
1.lE-01
2.7E+05
2.1E+01
5.1E+06
4.8E+06
2.2E+02
4.3E-06
1.3E+07
1.3E+07

1.6E+05
8.2E+06
1.1E+00
1.9E+01
8.6E+04
2.5E+02
6.5E+00
3.6E+04
6.9E+04
2.6E+00

Maximum Single
Tank--Long-Lived
Isotopes (Ci)

2.4E-04
6.9E-05
3.3E+05
8.OE+04
1.5E+02
2.1E+01
1.5E+02
3.8E+01
3.8E+01
2.9E-08

4.4E-08
4.4E-01
2.4E+05
7.9E+01
1.7E+07
1.6E+07
6.6E-07
1.OE-26
1.7E+06
1.7E+06

2.4E+04
6.7E+06
2.2E-07
3.9E-06
2.5E+05
1.1E+03
6.OE-01
1.4E+05
9.6E+04
4.4E-04
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Maximum Total
AY/AZ Tank Farms

(Ci)

2.5E-04
6.9E-05
5.3E+05
1.3E+05
2.1E+02
3.OE+01
2.1E+02
3.8E+01
3.9E+01
2.9E-08

4.4E-08
6.3E-01
3.4E+05
1.2E+02
2.5E+07
2.4E+07
6.6E-07
1.0E-26
2.1E+06
2.1E+06

2.6E+04
1.1E+07
2.2E-07
3.9E-06
4.0E+05
1.5E+03
7.OE-01
1.9E+05
1.6E+05
4.4E-04
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UPPER-BOUNDING RADIONUCLIDE INVENTORIES

Maximum Single
Tank--Short-Lived
Isotopes (Ci)

6.4E-01
2.7E-02
5.2E-02
4.7E-01
1.5E+01
4.2E+01
2.9E+02
8.1E+01
4.3E+03
1.8E+04

1.6E+01
1.6E+01
2.6E+00
2.0E+02
5.3E+02

6.2E+07

Maximum Single
Tank--Long-Lived
Isotopes (Ci)

1.5E+00
6.2E-02
1.5E-01
1.2E+00
6.1E+01
1.9E+02
7.4E+02
2.9E+02
1.5E+04
i.8E+05

1.5E-02
i.E+02

2.6E+01
1.4E+02
6.OE+03

7.3E+07

Maximum Total
AY/AZ Tank Farms

(Ci )

2.7E+00
1 . IE-01
2.6E-01
2.0E+00
9.OE+01
2.7E+02
1.3 E--03
4.4E+02
2.3E+04
2. OE-+05

I .9E+02
1 .9E+02
3. IE+O1

7 .0E+03

1.1 E-08

TOTAL HEAT
(BTU/HR)

TOTAL HEAT
MINUS Cs/Ba
(3TU/HR)

Isotooe

U-234
U-235
U-236
U-238
Np- 237
Pu-238
Pu-239
Pu- 240
Pu-241
Am- 241

Am-242
Am- 24 2m
Amn-2±3
Cm- 24

TOTAL CI

5.9E+05

i. 1E+05

7.OE+05 1.OE+06

5.3 E-05
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TABLE 2

ASSUMED PUREX PROCESSING SCHEDULE

MTU (WEAPONS GRADE)
09/88 600
01/89 480
09/89
09/90
04/91

MTU (FUELS GRADE)

600
600
564
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DATE
02/88 -
10/88 -
02/89 -
10/89 -
10/90 -
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APPENDIX A

One operational limit used in aging waste tanks is based on keeping the
total heat content of the settled aging waste solids below the minimum
which could pressurize the tank if that heat was suddenly transferred to
the liquid. A curve has been developed plotting sludge level versus
average sludge temperature; the operating limit states that the point
of actual sludge level/temperature must be on or below that curve, or
waste additions must cease. Projected sludge levels and temperatures
for Tank 102-AZ were evaluated to determine whether this operating
specification would limit waste additions prior to completing the
weapons grade fuel reprocessing.

A high rate of sludge accumulation was observed initially in Tank 102-
AZ, the equivalent of 1.6" of new settled solids per 100 hot MTU
processed. This is anticipated to be the highest rate of sludge
accumulation during future waste additions to 102-AZ. At this rate, an
additional 13" solids (315 hot M-TU) would be added to the 23" solids
already in 102-AZ, for a total of 36'". The sludge level accumulation is
shown in Figure 4, along with the maximum temperature allowed for that
sludge level.

The monthly values for heat generation rate as shown in Figure 1 were
used to calculate average sludge temperatures during each month of 102-
AZ operation, using the HEAT1NG5 heat transfer code. The key
assumptions in the analysis were as follows:

o The weapons grade Fuel was assumed to be processed at aoproximately
100 MTU per month, up to the annual rate soecified in Table 2.

o The bottom solids layer consists of 10" of "cold" solids topped by
new solids at a depth of 1.6' per 100 hot MTU reprocessed.

o All of the heat-cenerating isotopes except Cs-137/Ba-137m occur in
the solids.

o All of the solids heat-generation occurs in the settled solids.
(This is the equivalent of saying there are not suspended solids, a
conservative assumotion.)

o The supernatant temperature was set at 190 0F.

o Airlift circulators facilitate heat removal from the supernatant
but do not provide solilas mixing.

,he resulting sludge temperatures are shown in Figure 4 for the period
during which the weapons grade material would be reorocessed. Both the
average sludage temoerature and the naximum at tine center of the slutce
are plotted. As can be seen, the average sludge temperature rises to a

eak of 255 0F, ieii below the all bli I it.
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FIGURE 4: PROJECTED 102-AZ SLUDGE LEVELS AND TEMPERATURES
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The same evaluation was made with lower rates of sludge accumulation;
the result was lower peak temperatures. Suspension of any portion of
the heat-generating solids also results in lower peak sludge
temperatures. Lower sludge temperatures also occur if the supernatant
temperature is less than 190 0 F; this is a significant conservatism,
since with the low overall heat load and continuous ALI operation, steam
coil operation would be required just to maintain the solution
temperature as high as 190 0F.

The conclusion is that, even with an upper-bounding sludge accumulation
rate and heat generation rate, the addition of waste from all of the
weapons grade material processing will not cause 102-AZ operation to
exceed the sludge level/temperature specification.

Should waste from all of the fuels grade material be added to 101-AY,
the total heat ceneration rate in that tank would not exceed 450,0O0
3tu/hr. Only 250,000 Btu/hr of heat generation would be associated
with the solids. in combination with a maximum of 2" of new solids,
tis would not be sufficient to exceed the sludge level/tem:erature
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APPENDIX B

Previous mission planning at Hanford has included the possibility of
reprocessing fuel from FFTF and fuel blankets from the PWR II at
Shippingport. The PUREX Plant modifications necessary to reprocess
these fuels are not currently planned. However, if a means of
reprocessing them is developed and employed in the future, it is
reasonable to expect that the waste from these fuels could also be
accommodated in the AY/AZ tanks.

The FFTF fuel would consist of 10.9 metric tonnes heavy metal (MTHM).
The dilution required to reprocess this fuel would generate the
equivalent of 126 MTU of waste per MTHM, or a total of 1370 MTU
equivalents of waste. The PWR fuel would consist of 17 MTHM with a
dilution factor of 3 MTHM per MTU, or 51 MTU. The total MTU equivalent
would be 1421 MTU.

As a worst case, it was assumed that tanks 101-AZ and 102-AZ were full
and that tank 101-AY contained waste from all of the fuels grade
reprocessing, generated at a rate of 435 gal/MTU (770,000 gal). This
would leave approximately 214,000 gal of tank space (5M Na basis), which
could accommodate the aging waste from the FFTF and PWR II fuels if it
was generated at a rate of 150 gal/MTU or less. The shear-leach process
originally proposed for reprocessing these fuels generated aging waste
at a rate of 60 gal/MTU (5M sodium basis), which falls within the
allowable rate. Even greater flexibility would be available if aging
waste generation rates for N-fuel reprocessing are below 435 gal/MTU, as
is expected.

The isotopic distributions of FFTF fuel and the PWR II fuel blankets are
somewhat different than N Reactor fuel, and the processing schedule has
not been established, so exact radionuclide inventories for these wastes
cannot be provided. However, approximate heat load contributions have
been estimated.

The PWR II waste is anticipated to contribute very little to total heat
generation rates. Assuming the FFTF fuel discharges occur between 1983
and 1993, and that the average discharge is 1 MTHM, the heat load added
to the AY/AZ tank system should at most be about 400,000 Btu/hr. If
this waste is added to 101-AY, and 101-AY already contains the waste
from reprocessing the fuels grade material, the total heat in 101-AY
would be about 800,000 Btu/hr. This would be only slightly greater than
the maximum heat loads discussed earlier in this memo. Should plans for
reprocessing the FFTF fuel be finalized in the future, it is recommended
that impacts be evaluated more precisely.
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Reference: (1) Internal Memo, L.A. Mihalik to .J.N. Appel, 'Future Agino
Waste Tank Operations (No N-Reactor Case),"
March 29, 1988.

(2) Internal Memo, B. L. Jones to R. M. Marusich,
"101-AZ Tank Bumo and Associated Release Calculation,"
September 1, 1987.

(3) RHO-LD-171, G.D. Campbell, "Heat Transfer Analysis for
IN Situ Disposal of Nuclear Wastes in Single- and
Double- Shell Underground storage Tanks." October, 1981.

This memo provides an evaluation of the effect of varying thermodynamic
properties on heat build-up in the settled solids and also evaluates a
tank bump scenario where the airlift circulators (ALC's) are operational
but all the heat generating solids are assumed to be settled. The two
cases incorporate the effects of N-reactor shutting down.

INTRODUCTION

The thermodynamic properties of aging waste solids have been difficult
to measure in the past due to small sample sizes and large radiation
fields. The values used today are based on analyses of simulated aging
waste and similar waste types (Reference 3). The thermal conductivity,
heat capacity and volume were determined to be the least known and
potentially the most important variables in calculatino the solids
temperature profile and resulting tank bump potential. The tank bump
phenomenon is defined as the result of aging waste solids settling and
heating to a sufficient temperature that, upon resuspension, they cause
a vapor generation rate great enough to overw4helm the ventilation
s yS tam .
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To achieve a tank bump from super-heated solids, it is required that a
sufficient solids mass and heat generation rate be present to obtain a
minimum of 20,000,000 STU stored heat in excess of heat necessary to
bring the tank supernatant to boiling (Reference 2). The 20 million BTU
stored heat is the minimum heat required to pressurize a typical aging
waste double wall tank (AZ or AY).

In Case 1, the volume and thermodynamic properties of the solids are
varied to evaluate the heat stored in the settled solids as a function
of time after the ALC's have stopped. A best case, worst case and
control case using selected values of solids volumes and thermodynamic
properties were then evaluated to determine the time required to achieve
a tank bump potential. The worst case value for a thermodynamic
property is one that would produce a tank bump in the shortest amount of
ALC downtime. The opposite is true for the best case value. The
control case uses the best estimate of the solids volume and
thermodynamic properties. The Case 1 parameters are stated below.

CASE 1. THERMAL CONDUCTIVITY AND HEAT CAPACITY SENSITIVITY EVALUATION.

TOTAL HEAT LOAD
SOLIDS HEAT LOAD
SOLIDS DEPOSITIO
AIRLIFT CIRCULAT
THERMAL CONDUCTI
HEAT CAPACITY
DESIRED RESULTS

........ 690,000 BTU/Hr (Reference 1)
....... 610,000 BTU/Hr (Reference 1)

N ..... 10 - 30% (HOT SOLIDS) PLUS 10" (COLD S
ORS ..... FAILURE AT TIME ZERO
VITY .... 0.1 - 1.0 BTU/hr.FT. 0F
......... 0.1 - 1.0 BTU/lbm.OF
......... EFFECT OF THERMAL CONDUCTIVITY CHANGES
......... EFFECT OF HEAT CAPACITY CHANGES
......... BEST CASE TANK BUMP
......... WORST CASE TANK BUMP
......... CONTROL CASE TANK BUMP

)LIDS)

Case 2 examines the scenario of a tank containing the maximum projected
heat load (Tank 102-AZ with all remaining weapons grade fuel processed -
Reference 1). The heat generating solids are assumed to be settled,
even though the ALC's are in operation. The potentials for a tank bump
and exceeding the tank structural temperature limits are evaluated. The
Case 2 parameters are stated on the following page.
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CASE 2. TANK BUMP EVALUATION UNDER NORMAL OPERATIONS.

TOTAL HEAT LOAD ........ 690,000 BTU/Hr (Reference 1)
SOLIDS HEAT LOAD ....... 10,000 BTU/Hr (Reference 1)
SOLIDS DEPOSITION ...... 26" (HOT SOLIDS) PLUS 10" (COLD SOLIDS)
AIRLIFT CIRCULATORS ..... OPERATING
DESIRED RESULTS ......... AVERAGE SOLIDS TEMPERATURE

......... MAXIMUM SOLIDS TEMPERATURE

.......... EXPECTED THERMOCOUPLE READING

* - A complete list of material characteristics are outlined in the
HEATING5 INPUTS AND ASSUMPTIONS section.

RESULTS/CONCLUSIONS

77e ALC downtime needed to produce a potential tank bump is relatively
insensitive to the solids thermal conductivity and heat capacity. The
solids thermal conductivity was varied from 0.1 to 1.0 BTU/hr.Ft. 0 F
while the heat capacity was held constant at 0.3 BTU/lbm.0F. Varying
the thermal conductivity resulted in a two hour difference in ALC
downtime to obtain a potential tank bump (Attachment 1). The solids
heat capacity was also varied from 0.1 to 1.0 BTU/lbm.6F while the
solids thermal conductivity was held constant at 1.0 BTU/hr.Ft. 0 F. The
results showed a 25 hour difference in ALC downtime to obtain a
octential tank bumo (Attachment 2). The reason for this insensitivity is
because the exchange of heat between solids and supernatant has littlie
effect on the estimate of steam generated by the heat stored in the
combined solids and supernate. The only reason for a difference in the
time to achieve a tank bump is due to the heat lost through the tank
bottom and walls. Therefore exact thermodynamic values are not needed
for the type of tank bump scenarios used in this evaluation. The
thermodynamic property information gathered from Case I is used as well
as varying the solids volume and the initial liquid temperature to
develop the best, worst and control case scenarios (Attachment 3). The
ALO downtime required to achieve the potential for a tank bump is more
distinguishable for the best, worst and control cases, Attachment 3, but
can be attributed to the variation in solids volume and initial
supernatant temperatures.

Case 2 is a control case prediction of the solids and knuckle
temperature during the fill cycle of tank 102-AZ, which is currently
projected to be the aging waste tank that will have the highest heat
load. The ALO are assumed to be operating but all the heat generating
solidis are settled. ThiS temperature projection represents the worst
case scenario under a "normal" operating condition. The results of the
evaluation showed that the aging waste solids did not reach a suFficient
temperature to produce the potential for a tank hump (7520 F avg
assuming ill solids resuspend, Appendix A) and the knuckie temperature
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did not exceed structural limits of 380 F (Attachment 4). The
evaluation was calculated using the control case solids thermal
conductivity (1.0 BTU/hr.Ft. 0 F) and heat capacity (0.3 BTU/lbm. 0F). The
settled solids volume was assumed to be 10% by volume with a 10 inch
cold solids heel. The supernatant temperature was varied from 160 F to
190 F. The limit of 190 F was chosen because it is the highest
supernatant temperature observed from past aging waste tanks with a
similar heat load. The reason for the tank to only reach a maximum
temperature 190 OF in the supernatant is due to the evaporative cooling
from ALC operation. If the heat capacity is substantially lower, the
solids temperature could increase to a point where the structural limit
is a concern. TFPTS recommends that the thermodynamic properties be
evaluated from synthetic NCAW solids and the results verified from
analysis of the aging waste core sample expected in late FY 1988.

HEATING5 INPUTS AND ASSUMPTIONS

This section covers the inputs to HEATING5 that were used in the
original aging waste tank bump analysis (Reference 2). The inputs are
grouped into pertinent sections and discussed in some detail.

TANK MODEL GEOMETRY

The tank geometry was input into the HEATING5 computer code as radial
and axial coordinates. Aging waste tanks in AY and AZ tank farm are
used as the model. This included the primary tank, annulus tank, wall
concrete, floor concrete and thermal concrete. The waste volumes
include 10 inches of cold solids, variable new solids (10 to 30% by
volume) and 661,000 to 858,000 gallons of liquid waste.

MATERIAL CHARACTERISTICS

The materials used in the conduction problem are listed with their
thermal conductivity, specific heat, and density. The solids thermal
conductivity and heat capacity are the only questionable input. The
thermal conductivity will be in the range of 0.1 to 1.0 BTU/hr.ft.0F.
and the heat capacity will be in the range of 0.1 to 1.0 BTU/lbm. 0 F The
completed list of material input characteristics are given on the
following page (Reference 3).
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Materi al

Concrete
Hot Solids
Cold Solids
Soil
Insulating
Concrete
Air
Supernate

Thernal
Conductivity
(BTU/hr.Ft.0 F)

.54
0.1 to 1.0
0.1 to 1.0

.25

.11

.016

.392

Speci fic
Heat

(BTU/lb.0 F)

.21
0.1 to 1.0
0.1 to 1.0
.22
.20

.24
1.0

Density
(I b/Ft 3 )

144.0
103.0
103.0
113.0

62.0

071
62.4

3CUNDARY CCNDITICNS

The boundary conditions were selected based on geological data and
conservative assumptions. The boundary conditions for the double-shell
tank model are listed below:

1) A 70 OF forced convection boundary at ground level (assumed).

2) A 55 OF constant temperature boundary at a depth of 200 feet. This
is due to the water table which runs at a constant 55 OF (actual
geological data).

3) A 70 OF adiabatic boundary at 50 feet radially. This assumption
simulates a tank in the middle of a large array of tanks, all
generating the same amount of heat.

4)* The liquid-solid interface is initially assumed to be at a
temperature of 190 OF and is raised by tracking the heat balance
and assuming that tne total heat generated is stored in the solids
and liquid (no loss to the environment). The temperature of the
liquid is allowed to increase until it reaches the boiling point
where it remains constant for the duration of the solids heat-up.
This is the only means for HEATINGS to raise the liquid temperature
uniformly (no stratification). This is a conservative assumption
since some heat will always be lost to the environment.

* This assumption was not used for Attachment 4 and the worst case
scenario of Attachment 3. Attachment 4 assumes a supernatant
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L. A. Mihalik 13314-88-086
Page 6
May 16, 1988

temperature increase similar to past aging waste tanks with
similar heat loads (Tank 101-AZ). The maximum supernatant
temperature in tank 101-AZ (190 6F) is due to the evaporative
cooling from ALC operation. The worst case scenario of Attachment
3 is assumed to begin at the boiling temperature, therefore a
supernatant temperature increase function is not needed.

B. L. Jones, Engineer
Tank Farm Process Technology Section

kjr
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Solids Temperature Calculation to Achieve a Potential Tank Bump

To achieve a tank bump the supernatant must reach the boiling
temperature of 220 OF plus an additional 20 million BTU's of heat stored
in the solids (Reference 2) to vaporize enough liquid to overwhelm the
ventilation system. The following calculations represent the minimum
required temperature in the solids to raise the supernatant from 190 OF
to 220 OF plus an additional 20 million BTU's stored heat.

N4omencl ature:

Heat in the liquid.
Mass of the liquid.
Heat capacity of the liquid
Liquid temperature change

QS - Heat in the solids
MS - Mass of the solids
CpS- Heat capacity of the solids
t = Solids temperature change

ASSUMPTIONS:

26" heat generating solids
Initial temperature of the
322" of supernatant in the

and 10' cold solids.
supernatant is 190 OF.
tank.

1) The heat required to raise the supernatant 30 0F

Z Z. ;o IQa . Fb ,LSo AL 3 * . " 4 I / :-,

~ ~] L-41t)4 L '7 S___ _ L _ _

QL.~ ($1~LjCpLj~ (Ar~)

l3 57S

~ 9 - -~2Q '~

2) Required heat stored to achieve a potential tank bump ...

2~ = 7-Z ~;O~
7-
-~

3)Required solids tamperature to achieve a nzotential tank bumo

-5r2 7 slT- -"~ 0~ r

*4 [ZLJ~ 7J7 c"4 A,/Fr 0
C~ 4U \LrK
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CONCLUSIONS

1. -SmaIteraturetffereces7 T g.PF)~biitiie- -tetfrei-sUrfac-and

the bulk of the slurry-are expected to result in natural convection.

Because of evaporative cooling at the free surface, such temperature :5 4r"

differences would occur if the slurry were ever quiescent. That is, atv,1

natural convection would result from an initially stratified temperature

distribution at the top of the supernate, thereby preventing the

continuation of such stratification.

2. Solids initially suspended are expected to be in the 1 to 100 micron

size range. The settling rates of a slurry in this particle size range

are so slow that velocities as small as 0.01 ft/sec caused by natural

convection may prevent settling of most of the solids.

3. At a 690,000 BTU/hr total heat generation rate, about 300 hours is

needed to add the 230 million BTU needed to raise the mixed tank

contents 30*F to the atmospheric boiling point.

4. If settling of solids upon loss of air lift circulator operation is

assumed, then it is conservative to assume that none of the solids are

initially settled. If some solids are assumed to be permanently

settled, then the conduction of heat generated within permanently

settled solids to resuspendable solids is less important than the fact

that only the energy stored in resuspendable solids can be mixed into

the supernate.

5. If settling of all or part of the solids is assumed, the amount of steam

generated during pressurization of a waste tank during a tank "bump"

does not depend strongly on the functional form assumed for the rate of

resuspension of sludge, since the amount is controlled mainly by a

simple heat balance over the total volume of sludge resuspended.

However, the rate of generation of steam would be sensitive to the

functional form.

INDEPENDENT REVIEW OF
Page 1 of 60 AGING WASTE TANK "BUMP" ANALYSES May 18, 1988
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S. if b.oth instantaneous settling of sludge and subsequent thermal

stratification of supernate are assumed, then, for the 590,000 BTU/hr

case, conduction of heat from sludge to the supernate would cause the

supernate to boil at the interface with the sludge before more than

aboutl .5.illlion BTU are stored in stratified supernate. The

consequences of increasing the total heating rate above 690,000 BTU/hr

may not be important, since the onset of boiling at the surface of

settled sludge will cause release of about the same amount of stored

eneroy at the time it occurs irrespective of the heating rate. Also,

higher heating rates might prevent settling at all due to boiling

convection in the initial slurry.

7. Any natural convection in supernate initially stratified at the

interface with the sludge is expected to grow upward and involve all of

the supernate.

3. From 2% to 23% of the heat stcred could be stored in thermally

stratified supernate, depending on the thermophysical properties of t.e

sludge.

9. The combined heat deposited by settling solids and conducted out of the

accumulating sludge curing settling are esTimiated; the consequences are

found to be controlled by the boiling point at the sluage/supernate

interface, similar to the situation for conduction from an

instantaneously settled sludge.

10. The sensitivity of conducted heat stored in stratified supernate is not

very sensitive to the thermophysical properties of the sludge. The

effect of the properties on the total energy storea is smaller stil .

INDEEP DENT EV OF
?age 2 of SO AG IG WASTE TANK '.UM9" ANALYSES ?ay 13, 1983
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INTRODUCTION

The U.S. Department of Energy (DOE) is storing certain high-level waste,

termed "aging waste,* in underground storage tanks at Hanford. The tanks are

managed for DOE by the Westinghouse Hanford Company (WHC). The waste is in

the form of a slurry (primarily iron oxides, on the order of 10-20 volt) in a

concentrated salt solution (primarily sodium salts, up to about 5M). The

slurry is normally agitated by 22 airlift circulators; this agitation is

assumed to help keep solids suspended in the supernate. Both the solids and

supernate include radionuclides that generate heat, with the majority of the

heat generated in the solids. The heat is normally expelled largely by

evaporative cooling into air passed through the slurry by the airlift

circulators.

One concern regarding the storage of the waste is the possibility that

interruption of operation of the airlift circulators will allow suspended

solids to settle; in this case heat would be no longer expelled by

evaporative cooling. This could allow thermal energy to be stored in settled

solids and in the supernate, assuming that the contents of the tank somehow

become quiescent. Presumably the stored energy could be released suddenly,

for example upon resumption of operation of the airlift circulators. This,

in turn, could result in a sudden generation of steam that exceeds the

capacity of condensers in tank vent systems.

A sudden generation of steam caused by release of stored thermal energy

has been termed a "tank bump," and is believed to have occurred in the past,

although not necessary because of the thermophysical processes considered

here. A reevaluation of tank bump scenarios was requested in support of

revision of a Safety Analysis Report for aging waste storage tanks. In

response to this, WHC staff completed an internal report(a) on the subject.
'~HCrequsted(b)

WHC requestedb subsequently that Pacific Northwest Laboratory provide an

independent review of this work. The purpose of this report is to provide

and document that review.

(a)Internal letter, B. L. Jones to R. M. Marusich, "Tank Bump and Associated
Release Calculation," No. 65611-87-086, dated May 6, 1987.
(b)Letter, G. L. Borsheim to W. L. Kuhn, "Independent Review of Aging Tank
'Bump' Analyses," dated February 12, 1988.

INDEPENDENT REVIEW OF
Page 3 of 60 AGING WASTE TANK "BUMP" ANALYSES May 18, 1988
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NCMINAL TANK BUMP SCENARIO

The emphasis of this report is to review calculations pertinent to a

nominal tank bump as described by Jones'a). To this end one can consider a

number of constraints or basic relationships related to phenomena that would

occur during steam generation in a tank, as discussed below.

NOMINAL CONDITIONS

Except where noted, we assume all solids are initially suspended. The

basic conditions are assumed to be:

* During uninterrupted operation, slurry in a waste tank is both perfectly

miixed and evaporati'vely cooled by 22 airlift circulators (ALC's).

4 The cross-sectional area at the bottom of the slurry is 2750 gal in ',

or 1411.46 ft2(c)

0 The depth of the slurry is 30 ft (d) and the solids loading is 10
(d)

volid), so that when settled the solids form a layer 3 ft thick.
2 3

Hence, the volume of solids is 4411..16 ft2 x 3 ft = 13234 ft ano the

volume of supernate is 4411.46 ft2 x (30 - 3) ft = 119109 ft'.

Since the partial pressure of steam in the tank plenum cannot exceed thie

ambient tank pressure (i.e., cannot pressurize the tank) until the

temperature of the slurry reaches at least its atmospneric boiling roint, it

is important to consider how much heat must be added to attain this point and

hcw fast this point is attained. The nominal case considered in this report

is:

- The total heat generation rate is 690,000 BTU/hr, with 610,000 BTU/hr

generated by slurry solids and the balance by the supernateke.

(a)Internal letter, B. L. Jones to R. M. Marusich, "Tank Bump and Associated
Release Calculation," No. 65611-87-086, dated May 6, 1987.
(b)Appendix A of Westinghouse interna' reqort No. 65661-87-O36
(c)(2750 gal/in)(231 in /gal)/(144 in /ft) = 4411.46 ftL
(d)Informal discussion with Westinghouse staff
(e)Criginally specified as 4x10 3TU/hr; changed to the values cited during
informal discussions with Westi nghouse staff during the course of this

INDEPENDENT REVIEW OF
Pace 4 of 60 AGING WASTE TANK "BUMP" ANALYSES 'ay 13, 183
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* The evaporative cooling caused by the air sparge of the ALC's will

maintain the slurry temperature at about 30*F below its atmospheric

boiling point of 220*F(a).

* The density of the solids is assumed to be 103 lb/ft 3(b)

* The heat capacity (specific heat) of the solids is 0.3 BTU/lb/*F(b);

this value is varied in part of this report to determine its effect on

the results of certain calculations.

* The density of the supernate is approximated to be that of water, 62.37

lb/ft3 , and similarly the heat capacity of the supernate is approximated

to be 1 BTU/lb/0 F.

Consequently, the masses of solids and supernate in the tank are

Solids: (103 lb/ft3) (13234 ft 3) = 1.363x106 lb

Liquid: (62.37 lb/ft3 )(119109 ft3) = 7.242x106 lb

SIMPLE HEAT BALANCE

The principal constraint on the amount of steam generated is the amount

of heat that must be added to generate it. Starting from the moment the

ALC's stop, the heat required to raise the temperature of the mixed tank

contents 1*F is

(1.363x106 lb)(O.3 BTU/lb/ 0 F) + (7.242x106 lb)(1 BTU/lb/*F) = 7.65x106 BTU/0 F

Therefore, in order to raise the temperature of the mixed tank contents 30'F

to its atmospheric boiling point, (7.65x106 BTU/*F)(300F) = 2.3x108 BTU must

be added. The time required to do this if the tank were adiabatic would be

(2.3x108 BTU)/(6.9x105 BTU/hr) = 333 hrs. However, the tank will not be

adiabatic, with some heat being lost by conduction through the boundaries of

the tank, and hence the actual time required to attain boiling (which would

(a)Informal discussion with Westinghouse staff
(b)G. D. Campbell, "Heat Transfer Analysis for In Situ Disposal of Nuclear
Wastes in Single- and Double-Shell Underground Storage Tanks," RHO-LD-171,
Rockwell Hanford Operations, October 1981, Table 2.

INDEPENDENT REVIEW OF
Page 5 of 60 AGING WASTE TANK "BUMPu ANALYSES May 18, 1988
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occur i rsat tt oriETia K i iLg tartB1  dt
on the o'aeofI ~cur37

LIKELIHOO CF NATURAL CONVECTION

If the temperature in the tank is uniform at the mcment operation of the

ALC's ceases and then we imagine that all convection suddenly stops, a return

of convection driven by temperature differences would be expected. From the

above analysis, the temperature in a quiescent slurry would rise at the rate

(690,000 BTU/hr)/(7.55x106 BTU/*F) = 0.09 0 F/hr

More importantly, the temperature at the top of the slurry would decrease

because of evaporative cooling at its surface, and because with the assumed

quiescence there would be no mixing wi tn hotter suoernate from below. The

resulting temperature difference, even it very small, could cause natural

convection in the tank.

Correlations for steady-state laminar natural convection occurring from

horizontal surfaces ( have been developed for Grashof numbers in the range

bO' to 10'. The Grashof number is a dimensionless group used to correlate

the intensity of natural convection, and has the form

Gr = Ug ATp),

where L is a cnaracteristic length (for the correlation cited above, it is

the area of the surface divided by its perimeter), g is the acceleration of

gravity (32.17 ft/sec2 ), a is the bulk expansion coefficient (in this case

about 3.7x10 - F(C), AT is a characteristic temperature difference (SF) (mi

(a)Kays, W. M., and M. E. Crawford, Convective Heat and Mass Transfer,
2nd Ed., McGraw-Hill, New York (1980) p. 328 (reference to work of Lloyd, J.
R., and W. R. Moran, J. Heat Transfer, 96, 443 (1974))
(b)Bird, R .B., W. E. Stewart, and E. N.~Lightfoot, Transoort Phenomena, John
Wiiey & Sons, New York (1960) Equation 9.9-17
(c)Inferred from variations of 30 w% sodium nitrate solution qith temperature
(see Perry, J. H., Chemical Engineers' Handbook, 4th Edition, McGraw-Hill,
Niew York (1963) p. 3-77, Table 3-110)

INCEPENDENT REVIE4 CF
Page 6 of 50 AGNG WA3TE TANK "UMP A"AL"ES >iay 13, 1983
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this case the difference between the temperature at the surface and the

temperature of the bulk fluid), p is the density of the fluid (assuming a
3=3

specific gravity of 1.2, it is 1.2 x 62.37 lb/ft = 74.3 lb/ft3), and a is

the viscosity of the fluid (assumed to be about that of water, or 6.7x10~4

lb/ft-sec). The relevant surface in our case is the top surface of the

slurry. Since it is a circle 75 ft. in diameter (D), the ratio of area to

perimeter is (xD/I2/(x0) = 0/4, = (75 ft)/4 = 18.75 ft. Substituting this
for L in the Grashof number, and assuming for reference a 10F temperature

difference, the Grashof number is found to be

(18.75 ft) 3 (32.17 ft/sec2)(3.7x10~4/OF)(1*F)(74.8 lb/ft 3) 2

/(6.7x10~4 lb/ft-sec)2

SV 1012

This result is 5 orders of magnitude beyond the range (104 to 10 ) for which

laminar natural convection is expected at a horizontal surface. Therefore,

even for the assumed 1*F temperature difference, initially quiescent tank
contents Mu-TdTpTipiinitotlurbulent natural-cicteiffi.Moreoversincethe

ALC's would cause the tank contents to be in motion initially, the large

Grashof number suggests that the contents would not become quiescent.

EFFECT OF LARGER HEATING RATE

The time required to attain boiling in a mixed tank depends strongly on

the heating rate. There is roughly an inverse relation between time to reach

boiling and the heating rate for a given required temperature rise. If the

heating rate is greater, the initial temperature, established by evaporation

during operation of the ALC's, would be closer to the atmospheric boiling

point, so that the temperature rise required to reach boiling would depend on

the heating rate.

For some value of heat generation rate, the tank contents would be

boiling even during operation of the ALC's. When the contents are initially

at the atmospheric boiling point, any addition of heat not lost by conduction

out of the tank would result in an equivalent amount of steam.

Page 7 of 60
INDEPENDENT REVIEW OF
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As discussed below, if boiling occurs even during evaporative cooling by

the ALC's, then the boiling convection could likely prevent settling of

initially suspended solids from occurring at all. Or, if the temperature is

kept just below the atmospheric boiling point, the time to attain boiling at

the local hydrostatic head at the surface of settled sludge would be reduced,

preventing the supernate from remaining quiescent.

Therefore, an Increased rate of heat generation may reduce the chance of

a tank bump by reducing the chance that solids will settle.

ANALYSIS OF FUNCTIONAL FORM FOR RATE OF RESUSPENSION OF SLUOGE

An analysis of the consequences of assuming different functional forms

for the rate of resuspension of sludge suggests that the form may not be

important to the amount of steam generated.

Recent calculations by Westinghouse staff(a) have been based on tne

assumption of a resuspension time on the order of 3 hours, wnere this is the

time constant in a negative exponential function describing the rate of

resuspension of sludge:

Rate = R. exp( - t/to

where R0 is the initial rate, ft /hr, and to is the time constant, hr.

Figure 1 shows some of the features of this functional for-n, including

certain times and rates discussed in Appendix A.

The importance of the value of to depends on the value of the rate of

resusoension of sludge at which the resulting steam generation rate

pressurizes the tank, R . The rate, which decreases with time, decreases to

Re at some time t = t . As discussed in Appendix A, so long as t, )) to, an

estimate of the volume of steam generated while the tank is pressurized is

insensitive to the value of to. However, the pressurization itself depends

strongly on the rate of generation of steam, and hence strongly on R0 , which,

for constant total volume of sludge resuspended, depends inversely on to.

taInternal Westinghcuse report No. 65611-37-036, "Tank Bump and Associated
Release Calculation," 3. L. Jones to ?. M. Marusich, dated May 6, :937.

Page 3 of 60 AGING WASTE TAN 1 'EUMj ANALYSES Yay 13, 198S
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Therefore, the volume of steam generated during pressurization can be

insensitive to to,'but the pressure (and hence the venting velocity of the

steam) during the pressurization will depend strongly on to.

Page 9 of 60
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Figure t. NEGATIVE EXPONENTIAL FUNCTION FOR RESUSPENSION OF SLUDGE
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CCNSERVATISM IN ANALYZING ROLLOVER OF SUPERHEATED LIOUID

Since, if the contents of a tank remain or become well-mixed, some 300

hours are required before boiling will occur, it is important to consider how

localized heating of thermally stratified supernate might occur, and what the

consequences would be if by some process heated supernate moved to the

surface without appreciable mixing and flashed to steam at the reduced

hydrostatic head there.

If the supernate remains quiescent while being heated by thermal

conduction from solids on the bottom of the tank, or by solids as they settle

to the bottom, then because of the increased hydrostatic pressure. at the

bottom the supernate the temperature can locally increase above the boiling

temperature existing at the top of the supernate. Therefore, if after such

non-uniform heating, the thermally stratified supernate "rolls over,"

carrying the heated supernate to the surface and the cooler supernate to the

bottom, then the heated supernate suddenly could be above its new local

boiling point, and part of it could flash to steam.

During settling, a density profile will exist until most of the solids

are settled that we assume can stabilize thermal stratification of the

supernate-that is, stabilize against a temperature gradient that would

otherwise cause natural convection and consequent mixing. It is also

conceivable that salts dissolved from the top of the settled sludge layer as

its temperature rises could cause a stabilizing density gradient, keeping the

supernate quiescent. For the purposes of this report we assume stabilizing

gradients can occur, and estimate the amount of thermal energy that could be

stored in thermally stratified supernate.

STABILITY OF TEMPERATURE PROFILE

Although we assume stratification can occur, it is important to consider

why it might occur to better understand how and why it could be disrupted.

Heating of a quiescent liquid from below is a classic cause of

instability, where the resulting density profile-decreasing downward-causes

natural convection and vertical mixing in the liquid. However, during

settling of solids concentration gradients are set up where the density of

INDEPENDENT REVIEW OF
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the settling slurry is greater at the bottom than the top, and where for this

reason heat is deposited mcre at the bottom of the slurry than at the top.

Tt Is possible for the resulting density profIla-increasing downward during

settling-to be stabilizing, causing the fluid to remain quiescent. There Is

a balance between the effect of increased temperature to decrease the density

(destabilizing) and the effect of increased solids volume fraction to

increase the density (stabilizing) at the bottom of the supernate. The

balance can be in favor of concentration gradients over temperature

gradients, but not concentration gradients over density gradients caused by

boiling.

GRCWTH OF NATURAL CONVECTION CELLS

It is important to consider that stratification, if it occurs, will be

confined to the bottom of the supernate. if the fluid is not stabilized,
such that natural convection occurs, then the result will be large cznvection

cells extending from the sludge to the free surface of the liquid, as

discussed below.

The tendency for natural convection to occur depends on the length scale

of the system. The outbreak and intensity of natural convection depends on

the Grashof Number, a dimensionless group described above. It is

proportional to the cube of a characteristic length. For the case of the

growth (i.e., not a steacy-state situation) of convection across a narrow

temperature gradient, the characteristic length would be the length over

which the temperature difference occurs. Hence, the tendency toward natural

convection in this case is very sensitive to the length over which the

driving temperature difference extends itself.

Convection cells in the supernate would begin in a region near the

sludge, assuming that stratification occurs at the bottom of the supernate

where the boiling point is highest. This would increase the rate of heat

transfer over the region in which convection occurs. There would be

increased heat transfer from the sludge to the top of the region of

convection, causing an increased temperature gradient and consequent natural

convection at the interface of the region with the cooler liquid above. This

additional convection would serve to extend the position of the steep

INDEPENDENT REVIE'd OF
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temperature gradient temperature upward. Extending the temperature

difference over a taller region would sharply increase the Grashof Number,

reinforce the convection, and extend the temperature difference still further

upward. This progression of the temperature gradient upward would continue

until the convection cells extend to the top of the supernate. Once the

entire supernate is involved, a steady-state pattern would be established.

Then from a dimensional analysis(a) one would find that the strength of the

natural convection depends on the geometry of the tank as a whole and a

Grashof number calculated using the depth of the tank contents as the

characteristic length.

If the liquid were stabilized by concentration gradients, this would

occur near the interface with the sludge, because either the sludge would be

the source of the concentration gradient, or the gradient would be caused by

settling of solids to the interface. Therefore, a region of stabilization

would not be maintained immediately above a region of convection located at

the interface.

Hence, either natural convection would be stabilized, or it would cause

mixing of the entire supernate. If the supernate is stabilized, the heat

transfer can be analyzed in terms of a quiescent sludge and liquid, and

mathematically becomes equivalent to conduction of heat in two solid slabs in

contact, where heat is generated in one of them. If it is not stabilized,

the temperature in the supernate will increase slowly while remaining nearly

uniform because of mixing. In this case the entire supernate would have to

be heated to its atmospheric boiling point before any of the supernate could

flash to steam, precluding the *rollover" hypothesis entirely. Therefore,

the conservative case is that of a stabilized supernate remaining quiescent

and storing conducted thermal energy near its lower surface prior to rollover

of the heated region to the top of the supernate.

(a)Bird, R. B., E. N. Lightfoot, W. E. Stewart, Transport Phenomena, John
Wiley & Sons, New York (1960) Section 10.6.
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ANALYSIS OF OUIESCENT SOLID/LIQUID CONOUCTICN

4estinghouse staff have used the HEATING-5 code to predict 2-dimensional

temperature distributions in an aging waste tank. Because tbe ratfo of '

height o-tsettled sludge to tank diameter Is small-about 0.04) at the

center-of-the tank the temerature-profiles in th ildge and in supernate

near the sludge-should be welV approximated by a 1-dimensional analysis. A

1-dimensional analysis is presented here to:

P ?artially verify the 2-dimensional calculations, we have implemented an

analytical solution to a closely related 1-dimensional problem already

available in the literature. The results are tabulated for use by

Westinghouse staff in comparing them to HEATING-5 calculations.

* provide insight into the extent of thermal stratification that could

occur in the supernate.

Our analysis of conduction -from an internal ly heated solid into a

quiescent liquid is for the case of instant settling of solids into a unIorm

layer. It does not consider quantitatively the existence of a permanent

layer of solids upon which settling of further solids occurs. The

consequences of such a layer are discussed qualitatively at the end of this

section.

MAT'HEAATICAL ANALYSIS

A mathematical analysis of the 1-dimensional heating problem is

described and developed in Appendix B. The basic assumptions used are:

- Conduction is described by Fourier's second law

* The sludge and supernate are always quiescent and initially at the same

temperature

* The heating rates per unit volume in the sludge and supernate are

different but both uniform within the sludge or supernate

* The supernate is treated mathematically as though it extended infinitely

upward from the sludge

* The temperature at the bottom of the sludge is assumed to rise slowly

sucn that it matches the temoerature in the supernate far from the
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sludge (i.e., at "infinity"). This is assumed to allow use of an

available analytical solution, and is nearly the same as assuming a

constant (zero) temperature rise at the bottom. Consideration of more

complicated boundary conditions is beyond the scope of this report; the

ones chosen are sufficient for the purposes of the report.

This problem is solved in the literature~a). The solution is an infinite

series, described in Appendix B. It provides the temperature rise relative

to that in the supernate far away from the sludge. To this result we then

add this temperature rise to obtain the temperature rise relative to the

initial temperature, T' - To. The results are presented in this form so they

are correct independent of the initial temperature. Therefore, the results

presented in Tables 1 to 6 are for the temperature rise T'- To, for either

the solid (sludge) or liquid (supernate).

From the infinite series solutions we can also find the amount of heat

conducted from the solid to the liquid as a function of time, as discussed in

Appendix B. It is the temperature rise in the liquid relative to T0 + SLt,

where SL is the adiabatic rate of temperature rise in the supernate, times

the density and specific heat of the liquid, integrated from the bottom

surface of the liquid up to infinity, and multiplied by the area of the

surface of the sludge. The result is another infinite series, also described

in Appendix B.

The solutions were implemented by a FORTRAN computer code that was

verified by repeating part of the calculations ("Tsurf" and "BTU" of Tables 1

to 6, for certain times and cases) using spreadsheet software.

(a)H. S. Carslaw and J. C. Jaeger, Conduction of Heat in Solids, Second
Edition, Oxford University Press, London (1959J, Section 12.8(11).
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CALCULATION OF TEMPERATURES AND HEAT ADDITTCN

For all of the calculation we assumed dimensions and properties

consistent with recent WestInghouse calculations. The values used were:

Area of Solid Layer 4411.46

Depth of Solid 3

Depth of Supernate 27

Heating Rate in Solids 610

Heating Rate in Liquid 80

Total Heating Rate 690

Thermal Conductivity of Liquid 0.377

Specific Heat of Liquid 1

Density of Solids 103

Density of Liquid 52.37

ft 2

ft

ft

kBTU/hr

kBTU/hr

kBTU/hr

BTU/hr/ft/*F

BTU/lb/ 0 F (water)

lb/ft 3

lb/ft 3 (water)

The thermal conductivity and specific heat of the sludge are discussed below.

The results of the computer calculations are presented in Tables 1 to 5

and Figures 2 to 6. The temperatures are presented in tabular form so that a

comparison can be made by Westinghouse staff with 2-dimensional HEATING-5

calculations.

Tables 1 to 6 present the temperature rise at the midplane of the solic,

'Tctr", (i.e., down half the depth of the sludge) and the temperature rise at

the solid/liquid interface, 'Tsurf", as a function of time out to 300 hours.

Each of the tables corresponds to a set of values for the thermal

conductivity and specific heat (heat capacity) of the solid (sludge), as

listed at the top of the tables.

(a)Roughly estimated to be that of water at 60*C. k = 0.00156 cal/sec/cm/*2
[Bird, R. B., W. E. Stewart, E. N. Lightfoot, Transport Phenomena, John Wiley
& Sons, New York (1960), Table 8.1-2. ] x(3600 sec/hr)x(30.48 cm/ft)/(252
cal/8TU)/(I.8 *C/0 F) = 0.377 BTU/hr/ft/ 0 F

?age 16 of 60
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The six cases considered in this report are:

Case k(solid), BTU/hr/ft/*F Co(solid), BTU/lb/*F

1 0.065 0.3

2 0.1 0.3

3 0.3 0.3

4 1.0 0.3

5 1.0 0.1

6 1.0 1.0

The results are also summarized in Figure 2, where the midplane sludge

temperature is shown for all 6 cases as a function of time. In addition, the

temperature profiles (relative to To + SLt) in the solid and liquid for cases

1 and 4 were computed. The results for case 4 (thermal conductivity =

1 BTU/hr/ft/*F) are presented in Figures 3 and 4. The profiles at 300 hours

for case 1 and case 4 are compared in Figure 5.

The heat conducted into the liquid, listed in the column entitled "BTU",

is also presented in Tables 1 to 6 for the 6 cases. The fraction of the heat

generated in the solid layer that has been conducted to the liquid is listed

in the column entitled "Fract." The fraction of the heat generated in the

solid that is conducted to the liquid ranges from .02 to .26 over time for

the various cases. The fraction of the total heat generated that is

generated in the solids is 610/690 = .38. The fraction of the total heat

generated that would be stored non-uniformly in the liquid because of

conduction from the solid would range from 0.88 x 0.26 = 23% to 0.88 x 0.02 =

1.8%. Therefore, relatively little of the heat generated would be stored by

thermal stratification in the supernate.

The amount of heat conducted is also summarized in Figure 6, which shows

the results for cases 1 to 6. The results can also be examined to develop a

perspective about heat conduction phenomena for the hypothesized situation.

INDEPENDENT REVIEW OF
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Figure 2. TEMPERATIUE RISE AT MIDPLANE OF SLUDGE
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Figure 3. Temperature Rise Profiles for Case 4
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Flgure 4. Temppraturn flism Profile- for Casn 4
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Figure 5. EFFECT OF CONDUCTIVITY ON 300 HR PROFILE
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oFigure 6. HEAT CONDUCTED INTO QUIESCENT LIQUID
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DISCUSSION OF EFFECTS OF THERMOPHYSICAL PROPERTIES OF SLUDGE

From Figure 6 we see that the heat conducted from the solid to the liquid

varies from about 20 to 40 million BTU at 300 hours for the different cases.

The range is only a factor of 2, even though the thermal conductivity is

varied by a factor of 15 and the specific heat by a factor of 10. Hence, the

effect of these thermophysical properties is not dramatic. However, if the

thermal energy stored by both the solid and the liquid is considered, the

effect of the thermophysical properties would be still smaller. This is

because the combined energy stored by the solid and liquid is not affected by

the conduction of heat from one to the other. The effect of the

thermophysical properties is then limited (in our 1-dimensional analysis) to

conduction of heat out the bottom of the tank. This effect is seen in Figure

5, where for case 4 the high thermal conductivity assumed for the sludge

results in substantial heat being lost the bottom of the tank, where z = -0,
or -3 ft. The effect is apparent from the much lower temperature profile.

This effect is also increased by time. In Figures 3 and 4 the flat

temperature profiles up to about 72 hours result from little heat lost from

the solid by conduction compared to the heat stored that corresponds to the

temperature rise. The extreme case is found at 1 hour in Figure 3. But by

300 hours the temperature profile approaches a parabolic form characteristic

of a steady-state conduction situation. Once a steady-state profile is

attained, no additional heat is stored in the solid, with the generation

being matched by conduction out the boundaries of the layer, and about half

of this loss would be from the tank to its lower surroundings. Hence, as

time increases the relative importance of thermophysical properties on the

total thermal energy stored in the tank increases.

EFFECT OF BOILING AT SURFACE OF SLUDGE

The surface temperatures "Tsurf" presented in Tables 1 to 6 are the

maximum temperature rise in the liquid at any given time. For the nominal

case considered here, the temperature must rise 30*F to attain the

atmospheric boiling point. To determine the boiling point at the bottom of

the supernate the hydrostatic head must be estimated. Based on informal

INDEPENDENT REVIEW OF
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discussions with Westinghouse staff, we assumed the specific gravity of the

supernate to be 1.2, thereby deviating from the value of 1 assumed above in

order for the conduction calculations to be consistent with Westinghouse

calculations. The difference is not very important for the conduction

calculations, particularly regarding the amount of heat conducted to and

stored by the supernate, but the difference is important to a calculation of

hydrostatic head. We note that for sodium nitrate solutions at 100*C a

specific gravity of 1.2 corresponds to 35 wt' sodium nitrate), or 3.4M.

The hydrostatic head at the surface of the sludge would then be (52.37
2 -4 2lb/ft3 )(I.2)(32.17 ft/sec )(27 ft)(2.1584x10~ psi/(lb/ft/sec2)) 14.0 psi.

The total pressure would be 14.7 + 14.0 = 28.7 psi. The boiling point of
pure water at this pressure is 247.7'1 , or a rise of 36'F. If we assume a

similar rise for the supernate, the total temperature rise that must occur at
the sludge interface to attain the local boiling point would be 30 + 36
56'F. The times recuired to attain this temperature rise and the heat
conducted into the liquid at that time are found from Tables I to 3 to be:

Case Time, hrs
1 195
2 165
3 120
4 105
5 60
6 243

Note that the heat conducted

than does the time. This is

liquid is closely related to

thermophysical properties of

Therefore, although the

million BTU after 300 hours,

remain quiescent this long.

Heat Conducted, million BTU
14.7
13.4
11.9
11.6
9.4

16.7

up to the time boiling ensues varies much less

simply because the temperature rise in the

the heat conducted into it, since the

the liquid are not varied among the cases.

heat conducted is predicted to reach up to 40

it does not seem possible for the liquid to

When boiling ensues, the heat stored in the

(a)Chemical Engineers' Handbook, Fourth Edition, J. H. Perry, Ed., McGraw-
Hill, New York (1963) p. 3-77, Table 3-110
(b)J. H. Perry (pd.), Chemical Engineer's Handbook, Fourth Edition, McGraw-
Hill, New York (1963), p. 3-192 (Table 3-250 "Saturated Steam: ?ressure
Table")
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liquid will be distributed over the remaining supernate. If the mixing is

very non-uniform, some of the heat could result in a volume of supernate

flashing to steam if it moved to the lower local pressure at the top of the

supernate without appreciable mixing with cooler supernate.

The amount of steam that could be generated by the stored energy. would

correspond to that fraction of the stored energy that is not expended in

raising the temperature 30*F to the atmospheric boiling point. This fraction

would be about 36/66 = 0.55; multiplying this times the stored energy-on the

order of 15 million BTU, as discussed above-gives about 8 million BTU

available to generate steam. However, the energy resulting in generation of

steam could be much less because of mixing of hot and cooler supernate after

boiling ensues.

A second likely effect of boiling would be to begin resuspension of the

sludge. Assuming a particle size distribution for the solids (see the

discussion of settling, below), the smallest particles would be at the top of

the sludge layer. This suggests that any boiling convection would easily

incorporate the top of the sludge. This in turn should reinforce the boiling

since the heat stored in the sludge, which is hotter than the liquid (e.g.,

see Figures 3 and 4), would be deposited in the liquid as the sludge is

resuspended. We cannot say whether this effect would grow to cause complete

resuspension of the sludge. If it does, the times at which boiling begins,

which are sensitive to the thermophysical properties of the sludge, would

determine the amount of stored energy that might be flashed to steam. At a

total heating rate of 690,000 BTU/hr and an initial temperature 30*F below

the atmospheric boiling point, it may be that the times at which boiling

would ensue would be too early for enough energy to be stored to generate

appreciable steam by the nominal mechanism of complete mixing of sludge and

supernate, since that time would have to be on the order of 300 hours to

raise the temperature to the atmospheric boiling point, as discussed above.

In connection with the above effects, the likelihood of superheating

supernate above its local boiling point should also be addressed. Since the

settled solids are formed by precipitation, they could be completely wetted

by the supernate. Therefore, in principle the supernate could be heated

above the boiling point even in the presence of such solids; that is, without

nucleation occurring. However, radiolysis caused by gamma- and beta-

Page 25 of 60
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radiation will generate hydrogen and oxygen gas as well as other radiolytic

species. Recombination of radiolytic species to water is strongly inhibited

by scavenging of hydroxyl radicals by anions (a), and cannot occur appreciably

in a concentrated salt solution except at very high partial pressures of

hydrogen. Since the total pressure cannot exceed the hydrostatic pressure in

a waste tank, hydrogen will not recombine appreciably with other species to

reform water, and hence hydrogen bubbles will form in the sludge. Such

bubbles serve to nucleate boiling, and will prevent appreciable superheat of

the supernate near the sludge where the temperature would first reach the

local boiling point.

Finally, one can also question whether boiling would occur in supernate

at the surface of newly settled sludge rather than in the sludge itself. The

sludge, with an assumed density of 103 lb/ft3 , has a specific gravity of
(b)

1.55(, which is only 1.65/1.2 = 1.38 times the assumed density of the
3

supernate, and only 1.65/4 = 0.41 times the assumed density (4 g/cm , see

below under "settling") of sludge particles. This suggests that a siudge of

this density must actually include considerable water, which in turn suggests

that this water, in the presence also of radiolytically generated hydrogen or

oxygen bubbles, could boil when the local boiling point is reached. Since in

the cases considered here the temperatures in the sludge are considerably

higher than in adjacent supernate, it is possible that thermal stratification

of supernate could be disrupted by boiling of water in a layer of newly

settled sludge before boiling in the supernate itself occurs.

EFFECT OF INCREASED TOTAL HEATING RATE

If the total heating rate were 4 million BTU/hr, but if the initial

temperature were still 30'F below the atmospheric boiling point, then the

time required to attain boiling in a quiescent suoernate at the top of the

sludge would decrease roughly in proportion to the heating rate, while the

(a)Simonson, S. A., and W. L. Kuhn, "Predicting Amounts of Radiolytically
Produced Species in Brine Solutions", International Symposium on the
Scientific Basis for Radioactive Waste Management, Boston, MA, 14 Nov 1983,
CCNF-831174-3 (1983)
(b)(103 lb/ft")(454 g/lb)/(20.48 cm/ft) = 1.55 g/cm
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heat conducted into the supernate would roughly increase proportionately.

The net effect should be that about the same amount of energy is stored in

the quiescent liquid at the time that it would be mixed due to the onset of

boiling. Hence, an increase in heating rate would probably not affect

conclusions regarding the consequences of mixing caused by boiling.

Similarly, if boiling at the bottom of the supernate caused complete

resuspension of the sludge, then the total energy stored would be roughly the

same irrespective of the heating rate, since the time to attain boiling and

the rate of storage of energy vary inversely with each other as the heating

rate is varied. The thermophysical properties of the sludge would still

determine the time to boiling, as above.

If the heating rate is as large as 4 million BTU/hr, one should

determine if the slurry will be kept below boiling at all during operation of

the airlift circulators. If not, then given the settling velocities

estimated below, it seems unlikely that there could be appreciable settling

of suspended solids in the face of boiling convection. If the slurry is kept

below boiling but to a lesser degree, then for the nominal case the time

required to attain boiling at the surface of settled sludge would be further

reduced.

EFFECT OF PERMANENT LAYER OF SOLIDS

If a portion of the solids were not suspended by the airlift

circulators, then there would be a permanent layer in which a steady-state,

parabolic temperature profile will be established, with the top temperature

equal to the slurry temperature. If the total heating rate were the same as

above, but with the solids divided evenly between a permanently settled layer

and the slurry, then the layer that settles when ALC operation ceases would

be only 1.5 ft thick. This could cause slightly more heat to be conducted to

the liquid, and the heat generation in the permanent layer would tend to make

the bottom boundary condition for the newly settled layer more adiabatic.

The main effect would be that only half of the solids would be resuspended,

and hence less heat would be mixed with the supernate when resuspension

occurs. Therefore, the assumption that all solids are initially suspended is

conservative with respect to the conclusions of this report.

INDEPENDENT REVIEW OF
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SETTLING OF SLURRY SOL:DS

'e assume that, while airlift circulators (ALC's) are in operation, the

agitation is sufficient to keep a certain fraction of solids in the tank

mixed with the supernate as a slurry. There may also be solids that remain

on the bottom; if so, we treat these as part of the unchanging floor of the

tank and restrict our analysis of settling to those solids that can be kept

suspended by the ALC's. We also assume that if operation of the ALC's

ceases, then settling of the solids ensues; we wish to know how fast this

occurs and how quiescent the supernate must become for it to occur.

ASSUMED PARTICLE SIZE DISTRIBUTION

From analyses (a) of existing tank supernate, we have a rough idea of the

particle size distribution. Based on this, but simplified somewhat for the

purpose of our analysis, we assume a loq-normal distribution with resoect to

.article diameter with a mean of 10p and with 95% of the particle volume

falling between .1; and 100a. The distribution is described in Figure 7. The

total solids concentration was not inferred from supernate analyses, but

rather was assumed to be 10% by volume, based on informal discussions with

Mestinghouse staff. The density of the particles is assumed to be 4 g/cm, a
(b

value intermediate between the densities of hematite (crystalline ferric
33

oxide), 3.12 g/cm3, and ferric hydroxide, 3.4-3.9 g/cm3. Ae assumed the

viscosity of the heated, saline supernate to be that of pure water at room

temperature, 2.42 lb/ft/hr. All calculated settling rates are inversely

proportional to the viscosity.

(a)Letter, B. B. Peters to April Coroneos, March 10, 1988.
(b)Perry, J. H., Chemical Engineers' Handbook, 4th Edition, McGraw-Hill,
New York (1963) p. 3-10 (Table 3-1, "Physical Prcperties of the Elements and
Inorganic Compounds")
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SETTLING OF MULTISIZED PARTICLE SUSPENSIONS

Sedimentation of multisized suspensions of particles has been discussed

in the literature by Selim et al.a) During the course of our work we

discovered an error in this work, and in the prerequisite work reported by

Mirza and Richardson(b), that became important for our calculations. We

confirmed the error in the literature with Dr. Selim (Department of Chemical

and Petroleum-Refining Engineering, Colorado School of Mines, Golden, CO

80401), and corrected the theory for use in the analyses presented here.

With this correction, the method of Selim et al. was used to calculate the

settling rates in a waste tank, except that once the correction was made we

were able to achieve convergence of the iterative calculations involved using

simple successive substitution rather than the Newton-Raphson method used by

Selim et al. The calculations were implemented by writing a computer code of

some 700 lines of FORTRAN, which is documented in the computer file

ZONEVELS.FOR (named after the phenomenon of particles dividing into zones

that fall at different velocities during settling).

To approximate a continuous particle size distribution, we assumed a

discrete, log normal distribution of 21 sizes with the concentration of

particles of each size calculated using the distribution parameters described

above. The slurry is predicted to differentiate into a "stack" of 21 layers

or zones, one for each particle size. The bottom zone contains all particle

sizes and falls the fastest. All but the largest particles are partially

left behind as the zone falls, leaving them in the next zone up (i.e., next

to the bottom). The zone next to the bottom contains all but the largest

particle sizes and falls second fastest. All but the two largest particle

sizes are partially left behind as the zone falls, leaving them in the next

zone up (i.e., two up from the bottom). The next zone up contains all but

the two largest particle sizes, and falls third fastest, and so on up to the

top zone, which contains only the smallest particles and falls slowest.

Supernate above the top zone contains no suspended solids. During settling

(a)M. S. Selim, A. C. Kothari, and R. M. Turian, "Sedimentation of Multisized
Particles in Concentrated Suspensions," AIChE Journal, vol 29, p. 1029-1038 (1983)
(b)S. Mirza and J. F. Richardson, "Sedimentation of Particles of Two or More
Sizes," Chem. Engr. Sci., vol 34, p. 447-454 (1979)
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the concentrations and velocities in a given zone do not change, even though

the locations of the tops and bottoms of the zones continuously fall. Once

the velocities and concentrations are calculated, the time until any given

zone disappears by settling can be predicted, as can the amount of sediment

that has accumulated or any other consequence of the settling process.

The results of settling calculations are summarized in Tables 7 and 3

and Figures 7 through 10. In Table 7 the results are presented in terms of

the 21 zones that form because of the 21 discrete particle sizes. For each

zone, the largest particle size in the zone, the velocity at which the top of

the zone falls, the fraction of the solids settled when the zone has settled,

the time at which the zone has settled, and the heat that has been deposited

by all of the settling solids up to that time are listed. in Table 8 the

results are presented in terms of particle sizes. The initial concentration

of the particles for each of the 21 sizes, the cumulative fraction of the

solids volume occupied by the increasing sizes, and the slip velocity for the

zar-icle sizes when they are in the initial mixed slurry (which is also the

siip velocity for each size for particles in the lowest zone: zone 21) are

listed.

Figure 7 shows the particle size distrIbution resulting from the

assumptions of a log-normal distribution witn mean of 10 microns and with 95.

of the particle volume between 1 and 100 microns. Figure 8 shows the

resulting distribution of "slip velocities" of the particles. The sliQ

velocity is the velocity with which a particle falls relative to the

surrounding fluid. The fail of solids displaces the fluid upward, so that

the settling velocity is slightly smaller (specifically, slightly more

negative, where a positive velocity is downward) than the slip velocity for a

given particle. The smallest particles in the lowest zones exhibit negative

velocities, meaning that they are being carried upward by fluid being

displaced upward by the fall of the larger particles. The settling velocity

of the largest particle In a given zone is the rate of fall of the top of the

zone.

INCEENDENT REVIE.4 OF
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RESULTS OF SETTLING CALCULATIONS

The slip velocity is of interest because it can be compared to fluid

velocities to determine is settling can occur at all. That is, if the fluid

is moving upward, for example due to natural convection, with a velocity

exceeding the slip velocity for some particle size, then particles of that

size at that location will not settle. From Figure 8 it is apparent that

most of the slip velocities are very small, given the assumptions about the

particle size distribution noted dbove. Most of the particles have slip

velocities less than 0.01 ft/sec. Even very slight large-scale convection

caused by heat generation in the slurry, let alone caused by boiling, would

suffice to keep most of the slurry suspended.

A particle falling at 0.01 ft/sec would need 300 hours to fall from the

top of the 30 ft. high layer of slurry to the bottom of the tank. The actual

percent of the solids settled versus time is shown in Figure 9. Because of

the size distribution and the initial proximity of some particles to the

bottom of the slurry, about half of the solids are settled (if the slurry is

perfectly quiescent) aifter about 10 hours. However '90% of the solids are

not settled until after 160 hours.

DEPOSITION OF HEAT FROM SETTLING PARTICLES

As the particles settle, they deposit their generated heat to the

supernate through which they pass. The total heat being generated and

deposited by the suspended solids at any given time during settling is the

total heat generation rate of the solids multiplied by the fraction of solids

still suspended. The fraction still suspended is just unity minus the

fraction settled, where the fraction settled is that shown in Figure 9.

Integrating the fraction settled over time and multiplying by 610,000 BTU/hr

gives the heat deposited versus time, which is shown in Figure 10. The heat

deposited is about 3.5 million BTU at 9 hours when 500 of the solids have

settled, about 10 million BTU at 45 hours when 75% has settled, about 20

million BTU at 160 hours when 90 % has settled, and ultimately reaches about

40 million BTU at 1500 hours when settling is complete.
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Fijure 7. ASSUMED LOG NORMAL PARTICLE SIZE DISTRIBUTION
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CONCUCTION OF HEAT FRCM ACCUMULATING SLUCGE DURING SETTLING

A rough estimate of the conduction of heat out of the accumulating

sludge back into the supernate can be obtained by assuming the settling

occurs at a constant rate, and taking this to be the rate at which settling

is occurring when 50% of the solids have settled. This occurs at about 9

hrs, as is apparent from Table 7, at which point the rate of increase is

found to be 1.92% per hour, such that an additional 26 hours would be

estimated to elapse to reach 100% settled. Therefore, 100% settled would be

projected to occur at 35 hours (after 35 hours the actual fraction settled is

70-75%). The rate 1.92% per hour, given that the sludge layer is 3 ft. thick

when 100% settled, would correspond to a rate of growth of .0575 ft/hr at the

50% settled point.

These approximate descriptions of the results of the settling

calculations can be used to bound the amount of heat that would be conducted

to the supernate from the accumulating sludge as settling occurs. if we

assume first that no conduction occurs, in order to set an upper bound on the

temperature in the accumulating sludge, then we have that the sludge heats

adiabatically and the temperature in it is just the adiabatic heating rate

multiplied by the time any part of the sludge has been settled. This time is

the depth into the sludge divided by the velocity at which the surface of the

sludge is rising. The volumetric heating rate in the sludge is the heating

rate aivided by the cross-sectional area and the sludge depth, whici is

(510,000 3TU/hr)/(4411.46 ft2 x 3 ft) = 46 BTU/hr/ft . The volumetric

heating rate divided by the density and the specific heat of the sludge gives

the adiabatic heating rate, which is

3
(46 3TU/hr/ft3)/(103 lb/ft x 0.3 STU/Ib/0 F) = 1.5 *F/hr.
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Figure 9. SETTLING RATE OF SLURRY
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FiPura 10. HEAT DEPOSITED IN LIQUID BY SOLIDS DUFING SETTLING
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Given the "50% settled" velocity for the accumulation of the sludge, 0.0575
ft/hr, the adiabatic temperature gradient would be (1.5 *F)/(.0575 ft/hr)

26 OF/ft. This is an upper bound on the gradient that would occur if

conduction out of the solid to the supernate occurred while the settling

occurred. Multiplying this by the nominal thermal conductivity of the

sludge, 1 BTU/hr/ft/*F, and by the cross-sectional area, 4411.46 ft2 , gives

0.115 million BTU/hr. Over the 35 hours projected (in this simplistic
analysis) to reach 100% settling solids at 0.0575 ft.hr, the upper bound on

the heat conducted would be 35 x 0.115 = 4 million BTU. The cumulative heat

generated over this time by solids already settled is the cumulative heat

generated by all solids over the time minus the cumulative heat generated by

solids not yet settled. From Table 7 we find that the cumulative heat

deposited by solids not yet settled after 35 hours is about 9 million BTU, so

that (35 hr x 610,000 BTU/hr) - 9 million BTU = 12.4 million BTU would have

been generated in the accumulating settled solids. Therefore, the upper

bound on heat conducted to the liquid during settling corresponds to

4/12.4 = 32% of the heat generated in the accumulating sludge layer during
the first 35 hours of settling, which seems physically reasonable.

The total heat stored in the supernate during settling would depend on

the time over which the supernate could be stabilized by settling.

Stabilization could end because of the end of the concentration gradient

caused by settling, or because of the onset of boiling, as discussed above

regarding conduction out of an instantaneously precipitated sludge. Our

approximate analysis of heat transfer occurring during settling shows that

the effect would be the transfer of about 9 + 4 = 13 million BTU as though

over 35 hours; after this, conduction out of a 3 ft. layer of sludge would

continue similar to that out of an instantaneously settled sludge. However,

conduction out of an instantaneously settled sludge was shown above to be

limited to about 10 to 15 million BTU before boiling ensues. Therefore,

since the temperature profiles in the liquid would be qualitatively the same

whether settling was instantaneous or not-that is, steepest at the

bottom-we can expect that the 13 million BTU transferred during non-

instantaneous settling would also have the effect of raising the temperature

at the bottom of the supernate to near the local boiling point, such that

little additional conduction of heat from the sludge could occur before

INDEPENDENT REVIEW OF
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5oiling ensues. Censity gradients caused by boiling would be substantial and

result in convection and mixing even with a residual density gradient

remaining during the completion of settling.
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APPENDIX A

FUNCTIONAL FORMS FOR RATE OF RESUSPENSION OF SLUDGE

Table of Notation

Meaning Meaning

Denotes "Constant
Generation Rate"
Functional form

Denotes "Negative
Exponential Function"

Rate of resusiension
of sludge, ft /hr

Rate of resuspension
of sludge that adds
heat at a rate that
generates steam at a
rate causing
pressuripation of the
tank, ft /hr

Time, hr

tb

to

tp

Vtot

Time at which volume

Vb of sludge is
resuspended, hr

Time constant for
functional form, hr

Time at which R=Rp

Volume of sludge that
must be resuspended
before enough heat is
mixed with supernate
to cause boiling of
mixed cogtents of
tank, ft

Total volume of
rejuspendable sludge,
ft

Recent calculations by Westinghouse staff(a) have been based on the

assumption of a resuspension time on the order of 8 hours, where this is the

time constant in a negative exponential function (NEF) describing the rate of

resuspension:

Rate = R0 exp( - t/to )

where R. is the initial rate, ft3/hr, and to is the time constant, hr.

Figure 1 shows some of the features of the function, as well as times and

(a)Internal letter, B. L. Jones to R. M. Marusich, "Tank Bump
Release Calculation,' No. 65611-87-086, dated May 6, 1987.
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rates discussed below. The total volume of sludge resuspended, Vtot, would
be this rate integrated from zero to infinity, which is readily shown to be
Rot 0 ; therefore, R. Vo/t.

Of interest is the volume of steam that is generated while the tank
remains pressurized above a certain limit. Since, once the boiling point is
attained, the volume of steam produced and rate of production of steam is
proportional to the volume of sludge resuspended and the rate of resuspension
of sludge. If we consider first the NEF, then the volume resuspended is

given by the time integral of the rate, which is

V(t) = Vtot C 1 - exp( - t/t0 ) ]

We define tb as the time required'to resuspend the volume of sludge Vb that
must be resuspended to bring the supernate temperature to the boiling point,
so that

V(tb) Vtot [ 1 - exp( - t b'o

Hence, tb = - to ln[1 - b/tot) I. At this point steam generation begins

at a rate proportional to the rate of resuspension of sludge, which decreases
-ontinuously.

The volume of sludge V p resuspended from when boiling begins, wnen t=

to when the rate of generation decreases to the rate R where the tank is

no longer pressurized, when t = to, is proportional to the volume of steam

generated, and is

VP ='1(t=tp) - V(t=tb) ~ tot (I - exP(-tp/t0 )) - (1 - exp(-tb/to)

The time tp is found from R = (Vtot/t 0 ) exp(-t /t0 ), whence

t, - o n( R t /Vtot)

INDEPEDENT ETEF
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Substituting this and the expression for tb into the expression for Vp gives

VP = Vtot ( (1 - (RPto/Vtot)) - (1 - L~(Vb/Vtot)])

= Vtot - Rt - Vb

This is then proportional to the volume of steam generated while the rate of

generation is sufficient to pressurize the tank.

If, instead of assuming a NEF, a constant generation rate (CGR) of steam

is assumed to occur for a period of time to, then the rate for that time is

R = Vtot/t0 . If to here is the same as to for the NEF, then the constant

rate Re here is the same as the initial rate R for the NEF. The time for

pressurization to cease is now just to, and hence the volume of steam

generated before this time is proportional to the sludge resuspended between

tb and this time, which is now

C RG
11 = Ro(to - tb) (Vtot/t 0 ) (to - t,[-ln(1 - (Vb/tot))i)

tot (1 - [-ln(1 - (Vb/Vtot)])
compared to

VNEF Vtot - R t - Vb

where the superscripts denote which function of time describes the rate of

resuspension of the sludge.

For the constant generation rate (CGR) case, the volume Vb is
insensitive to the time constant to because Vtot is constant. For the

negative exponential function (NEF) case, the importance of to depends on the

value of Rp; so long as Rp is small compared to (Vtot-Vb)/to, the value of to

is unimportant. Equivalently, so long as t /t0 is large the value of to is

unimportant.

Also, if Vb is small compared to Vtot, then we have approximately ln(1-
CRG = h rtoi

(Vb/Vtot)) = -Vb/Vtot and hence VC tot Vb. The ratio is

(VNEF CGR) = 1 - Rpt /(Vtot~Vb

So, if again Rp is not too large, the ratio of sludge suspended and hence the

ratio of steam produced while the tank is pressurized does not depend much on

INDEPENDENT REVIEW OF
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the choice among these one-parameter functions describing the rate of

resuspension of the sludge, where in both cases the single parameter is a

time constant.

Finally, since, as shcwn above, if t, )) to then V is insensitive to

to for either the NEF or CGR cases, and so an estimate of the volume of steam

generated while the tank is pressurized, which is proportional to Vp, is

insensitive to to. However, the pressurization itself depends strongly on

the rate of generation of steam, and hence strongly on R., which, for

constant V'ot, depends inversely on to. Therefore, the volume of steam

generated during pressurization can be insensitive to to, but the pressure

(and hence the venting velocity of the steam) during the pressurization will

depend strongly on to.

Pace 42 of 50
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APPENDIX B

APPROXIMATE ANALYTICAL EXPRESSION FOR CONDUCTION BETWEEN SLUDGE AND SUPERNATE

Table of Notation

Symbol Meaning Meaning

C

D

k

L
(subscript)

T

T'

To

Specific Heat,
BTU/lb/*F

Depth of settled
sludge, ft

Thermal conductivity,
BTU/hr/ft/0 F

Denotes in liquid
(supernate)

Temperature relative
to sum of initial
temperature and
temperature rise at
z=1 in supernate, 4F

Temperature, *F

Initial temperature,
OF

S

S
(subscript)

t

z

a

Adiabatic rate of
increase of
temperature (heat
generation rate per
unit volume divided
by the density and
specific heat of the
medium), "F/hr

Denotes in sludge

Time, hr

Distance upward from
sludge/ supernate
interface, ft

Thermal diffusivity
(thermal conductivity
divided by density
anq specific heat),
ft /hr

p Density, lb/ft 3

If suspended solids are assumed to settle instantly when the operation

of the airlift circulators is interrupted, and if the supernate is assumed to

remain quiescent above the sludge, then the ensuing transport of heat within

and between the sludge and supernate occurs in accordance with Fourier's

Second Law(a). For the 1-dimensional case, Fourier's Second Law becomes

(a)R. B. Bird, W. E. Stewart, and E. N. Lightfoot, TransDort Phenomena, John
Wiley and Sons, New York (1960), Section 10.1.

Page 43 of 60
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aT' 3 2 T,

3t az

where T' is temperature, OF, a is the thermal diffusivity, ft2/hr, t is time,

hr, z is vertical position, ft, and S is the heat generation rate per unit

volume divided by the density and specific heat of the medium, "F/hr. The

prime (') denotes the actual temperature, as opposed to the relative

temperature defined for convenience below. This equation must be solved for

both the supernate and the sludge regions. If there were no conduction from

the solid (sludge) to the liquid (supernate), the temperature in either would

remain uniform, i.e., constant with z. Then the temperature in the 'liquid

would be TL = To + SLt, where To is the initial temperature in both the solid

and the fluid. If we define TL = TL - To - SLt and Ts = T - To - SLt, then

the partial differential equations (Fourier's Second Law) for the solid and

liquid become

3TL a TL
- xL ~~at az

2
aTS a iTS

IS ~ + (SS - S )
at az

The boundary conditions in terms of T' are:

aTL aTi
TL = T and -k -- =-k -- at z =0

az az

aT,'
-- 4 0 as z+ and Tj = To + Sgt atz= -0
az

where the solid/liquid interface is a z = 0, the bottom of the sludge is at

z = -D (depth), the top of the liquid is assumed to be far away (z approaches

z, and ks and kL are the thermal conductivity of the solid and liquid. The

boundary condition at z = -0 is chosen for convenience so that the boundary

condition there will become T = 0, which is desired so that the problem

INDEPENDENT REVIE4 OF
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corresponds to one already solved in the literature. Since the temperature

at the bottom of the sludge will in fact increase, our boundary condition on

T' is probably better than assuming that T' = 0. Converting from T' to T (=

T' - To - SLt) gives the boundary conditions for T:

8TL
TL = Ts and -kL -

az

S TS
= -k - at z = 0

-- 0 as z-+
3z

TS = 0 at z -0

This problem is solved in the literature(a) the solution is an infinite

series:

Ts = (SS -
SLt{1-4£a 2 .. (2n+l)OD+z - .12 e 2n+1)OD-z
SLt I-4 a [Ierfc 2y(a5t) - ierc St)

n=0

+ 2 2nD-z a I 2erfc(2n+2)D+z
+ g i erfc a t) ~ 7 er c 2 s )TT 277ailT -T) Vat

T = 4(S~SL)t an [ i2 2nD+hz + 2 2n+2)s+hz i2 2n+1)D+hz
+a n=0 VSt) r2f2h Zef ) h

where h = S a-1

and where 12erfc is the second integral of the complementary error function,

a tabulated function.

The series provides the temperature rise relative to To + SLt. To this

we then add SLt to obtain the temperature rise relative to the initial

temperature, T' - To. The results presented in this form are correct

independent of the initial temperature. The results presented in Tables 1 to

6 are for the temperature rise T'- To, for either the solid (sludge) or

liquid (supernate).

(a)H. S. Carslaw and J. C. Jaeger, Conduction of Heat- in Solids, Second
Edition, Oxford University Press, London (19597 Section 12.8(11).

Page 45 of 60
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From the infinite series solutions we can also find the amount of heat
conducted from the solid to the liquid as a function of time. It is the
temperature rise in the liquid relative to T0 + SLt times the density and

specific heat of the liquid, integrated from the bottom surface of the liquid
up to infinity, and multiplied by the area of the surface of the sludge.
Since the integration is over z and time is held constant, integration of the
infinite series solution for TL reduces to term-by-term integration of the
function i2erfc. The result is the infinite series

Q (Area) PLCpL4SL) 2j( 5 t) a 3erf 2n )

i3erf (2n+2)D _ 3 (2n+1)D+ Ierf-47- -2ierf~VZ

where i erfc is the third integral of the complementary error function, and
is also a tabulated function. These series were implemented by a FORTRAN

*computer code of about 300 lines documented as the file CP.FOR. The code was

verified by repeating part of the calculations ("Tsurf" and *BTJU" of Tables 1
to 6, for certain times and cases) using spreadsheet software.
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OUTPUT FRCM CP.FOR GENERATED AS OF 19-APR-1988 11:26:30 PAGE 47 OF 26

Table 1. Results of Conduction Calculations: Case 1

Temperature Rise, *F
Tctr Tsurfhrs

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220

7.46
14.92
22.37
29.83
37.29
44.75
52.21
59.66
67.12
74.56
82.00
89.43
96.84

104.24
111.61
118.95
126.27
133.55
140.80
148.00
155.17
162.29
169.36
176.39
183.37
190.29
197.16
203.98
210.75
217.46
224.12
230.72
237.26
243.75
250.18
256.55
262.87
269.13
275.33
281.48
287.57
293.60
299.58
305.50

1.73
3.46
5.19
6.91
8.64

10.37
12.10
13.83
15.56
17.28
19.01
20.74
22.47
24.20
25.93
27.66
29.38
31.11
32.84
34.57
36.30
38.03
39.75
41.48
43.21
44.94
46.67
48.40
50.12
51.85
53.58
55.31
57.04
58.76
50.49
62.22
63.94
65.67
67.39
69.12
70.84
72.57
74.29
76.01
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Heat Conducted
BTU Fract

6.030e+04 0.020
1.700e+05 0.028
3.130e+05 0.034
4.820e+05 0.040
6.740e+05 0.044
8.860e+05 0.048
1.120e+06 0.052
1.360e+06 0.056
1.630e+06 0.059
1.910e+06 0.062
2.200e+06 0.066
2.500e+06 0.068
2.820e+06 0.071
3.160e+06 0.074
3.500e+06 0.077
3.860e+06 0.079
4.220e+06 0.081
4.600e+06 0.084
4.990e+06 0.086
5.390e+06 0.088
5.800e+06 0.091
6.220e+06 0.093
6.650e+06 0.095
7.080e+06 0.097
7.530e+06 0.099
7.990e+06 0.101
8.450e+06 0.103
8.930e+06 0.105
9.410e+06 0.106
9.900e+06 0.108
1.040e+07 0.110
1.090e+07 0.112
1.140e+07 0.113
1.190e+07 0.115
1.250e+07 0.117
1.300e+07 0.119
1.360e+07 0.120
1.410e+07 0.122
1.470e+07 0.123
1.520e+07 0.125
1.580e+07 0.126
1.640e+07 0.128
1.700e+07 0.130
1.760e+07 0.131

321



iHC-SD-WM-TI-406 Rev. 0

OUTPUT FRCM CP.FCR GENERATED AS CF 19-APR-1983 11:25:30

225 311.37 77.74 1.320e+07
230 317.19 79.46 1.380e+07
235 222.95 31.13 1.940e+07
240 328.65 32.90 2.OCOe+07
245 334.30 34.62 2.070e+07
250 339.90 86.33 2.130e+07
255 345.45 88.05 2.190e+07
260 350.94 89.76 2.260e+07
265 356.39 91.48 2.320e+07
270 361.78 93.19 2.390e+07
275 357.12 94.90 2.460e+07
280 372.41 96.61 2.520e+07
285 377.65 98.32 2.590e+07
290 382.84 100.03 2.660e+07
295 387.98 101.73 2.730e+07
300 393.08 103.44 2.300e+07

PAGE 48 OF 25

3.132
0.124
0.135
0.137
0.138
0.140
0.141
0.142
0.144
0.145
0.143
0.143
0.149
0.150
0.152
0.153

a,2 43 of 60
:::DEPENDENT PEVI'E1 OF

AG.TNG WASTE TANK "3UM?" ANALYS3 Aay 13, 1983

322



WHC-SD-WM-TI-406 Rev. 0

OUTPUT FROM CP.FOR GENERATED AS OF 19-APR-1988 11:26:30

Table 2. Results of Conduction Calculations: Case 2

PAGE 49 OF 26

hrs

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
30
85
90
95

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220

Page 49 of 60

Temoerature Rise, *F
Tctr Tsurf

7.46
14.92
22.37
29.83
37.29
44.74
52.19
59.62
67.02
74.39
81.72
89.00
96.22

103.38
110.47
117.49
124.43
131.30
138.08
144.78
151.40
157.93
164.38
170.74
177.01
183.21
189.31
195.34
201.27
207.13
212.91
218.60
224.22
229.75
235.21
240.59
245.90
251.14
256.30
261.39
266.40
271.35
276.23
281.05

2.02
4.05
6.07
8.10

10.12
12.14
14.17
16.19
18.21
20.24
22.26
24.29
26.31
28.33
30.36
32.38
34.41
36.43
38.45
40.48
42.50
44.52
46.54
48.56
50.59
52.61
54.62
56.64
58.66
60.68
62.69
64.70
66.71
68.72
70.73
72.73
74.73
76.73
78.72
80.72
82.71
84.69
86.67
88.65

Heat Conducted
BTU Fract

7.090e+04
2.000e+05
3.680e+05
5.670e+05
7.930e+05
1.040e+06
1.310e+06
1.600e+06
1.910e+06
2.24Qe+06
2.590e+06
2.950e+06
3.320e+06
3.710e+06
4. 120e+06
4.540e+06
4.970e+06
5.410e+06
5.870e+06
6.340e+06
6.820e+06
7.310e+06
7.820e+06
8.330e+06
8.860e+06
9.400e+06
9.940e+06
1.050e+07
1.110e+07
1. 160e+07
1.220e+07
1.280e+07
1.340e+07
1.400e+07
1.470e+07
1.530e+07
1.590e+07
1.660e+07
1.720e+07
1.790e+07
1.860e+07
1.930e+07
1.990e+07
2.060e+07

INDEPENDENT REVIEW OF
AGING WASTE TANK "BUMP" ANALYSES

0.023
0.033
0.040
0.046
0.052
0.057
0.061
0.066
0.070
0.073
0.077
0.081
0.084
0.087
0.090
0.093
0.096
0.099
0.101
0.104
0.107
0.109
0.111
0.114
0.116
0.118
0.121
0.123
0.125
0.127
0.129
0.131
0.133
0.135
0.137
0.139
0.141
0.143
0.145
0.147
0.149
0.150
0.152
0.154

May 18, 1988
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-,4HC-SD-l4M-TI-406 Rev. 0

OUTPUT FROM C?.2OR GENERATED AS OF

225
230
235
240
245
250
255
260
265
270
275
230
235
290
295
300

235.79
290.47
295.09
299.65
304.14
308.57
312.94
317.26
321.51
325.71
329.86
333.94
337.98
341.96
345.89
349.77

90.63
92.60
94.57
96.53
98.49

100.44
102.39
104.33
106.27
108.21
110.14
112.06
113.98
115.90
117.81
119.71

19-APR-1988 11:26:30

2. 130e+07
2.210e+07
2.230e+07
2.350e+07
2.420e+07
2.500e+07
2.570e+07
2.650e+07
2.720e+07
2.800e+07
2.370e+07
2.950e+07
3.030e+07
3.110e+07
3.190e+07
3. 270e+07

?AGE 50 OF 26

0.155
0.157
0.159
0.160
0.162
0.164
0.165
0.167
0.168
0.170
0.171
0.173
0.174
0.176
0.177
0.179

INDEENDENT rE!TE.: CF
AG3iNG 'WASTE TANIK "U>P? ANALYSE3 May 13, 1923,g 02 , of 50

324



WHC-SD-WM-TI-406 Rev. 0

OUTPUT FRCM CP.FOR GENERATED AS OF 19-APR-1988 11:26:30 PAGE 51 OF 26

Table 3. Results of Conduction Calculations: Case 3

Ternerature Rise, 'F Heat Conducted
hrs Tctr Tsurf BTU Fract

5 7.46 2.91 1.030e+05 0.034
10 14.91 5.82 2.910e+05 0.048
15 22.34 8.73 5.340e+05 0.058
20 29.68 11.64 8.220e+05 0.067
25 36.86 14.55 1.150e+06 0.075
30 43.83 17.46 1.510e+06 0.083
35 50.59 20.37 1.900e+06 0.089
40 57.10 23.27 2.330e+06 0.095
45 63.38 26.18 2.770e+06 0.101
50 69.43 29.08 3.250e+06 0.107
55 75.24 31.97 3.750e+06 0.112
60 80.84 34.85 4.270e+06 0.117
65 86.23 37.73 4.810e+06 0.121
70 91.41 40.59 5.370e+06 0.126
75 96.41 43.43 5.950e+06 0.130
80 101.22 46.26 6.550e+06 0.134
85 105.86 49.07 7.170e+06 0.138
90 110.34 51.85 7.800e+06 0.142
95 114.66 54.62 8.450e+06 0.146
100 118.83 57.36 9.110e+06 0.149
105 122.86 60.08 9.790e+06 0.153
110 126.75 62.78 1.050e+07 0.156
115 130.52 65.44 1.120e+07 0.159
120 134.16 68.08 1.190e+07 0.163
125 137.69 70.70 1.260e+07 0.166
130 141.10 73.29 1.340e+07 0.168
135 144.41 75.85 1.410e+07 0.171
140 147.62 78.38 1.490e+07 0.174
145 150.74 80.88 1.560e+07 0.177
150 153.76 83.36 1.640e+07 0.179
155 156.69 85.80 1.720e+07 0.182
160 159.53 88.22 1.800e+07 0.184
165 162.30 90.61 1.880e+07 0.186
170 164.99 92.98 1.960e+07 0.189
175 167.60 95.31 2.040e+07 0.191
180 170.15 97.62 2.120e+07 0.193
185 172.63 99.90 2.200e+07 0.195
190 175.04 102.16 2.280e+07 0.197
195 177.39 104.38 2.370e+07 0.199
200 179.68 106.58 2.450e+07 0.201
205 181.91 108.76 2.540e+07 0.203
210 184.08 110.91 2.620e+07 0.205
215 186.21 113.03 2.710e+07 0.206
220 138.28 115.13 2.790e+07 0.208

INDEPENDENT REVIEW OF
Page 51 of 60 AGING WASTE TANK "BUMP" ANALYSES May 18, 198 8



WHC-SD-WM-TI-406 Rev. 0

OUT?UT FRCM C?.FOR GENERATED AS OF 19-APR-1983 11:26:30 PAGE 52 OF 25

225
230
235
240
245
250
255
260
265
270
275
230
235
290
295
300

190.30
192. 23
194.21
196.10
197.94
199.75
201.51
203.24
204.93
206.58
208.21
209.80
211.35
212.88
214.38
215.85

117.20 2.380e+07
119.25 2.960e+07
121.27 3.050e+07
123.27 3.140e+07
125.25 3.220e+07
127.20 3.310e+07
129.13 3.400e+07
131.04 3.490e+07
132.93 3.570e+07
134.79 3.660e+07
136.64 3.750e+07
138.46 3.3443e+07
140.26 3.930e+07
142.05 4.020e+07
143.81 4.110e+07
145.55 4.200e+07

AGING WASTE TANK 43l,'MP* A'ALYSES

0.210
0.211
0.213
0.214
0.216
0.217
0.218
0.220
0.221
0.222
0.224
0.225
0.226
0.227
0.228
0.229

page _;2 of 60 May 18, 1988



WHC-SD-WM-TI-406 Rev. 0

OUTPUT FROM CP.FOR GENERATED AS OF 19-APR-1988 11:26:30 PAGE 53 OF 26

Table 4. Results of Conduction Calculations: Case 4

Temverature Rise, *F
Tctr Tsurfhrs

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220

7.44
14.55
20.97
26.71
31.85
36.48
40.68
44.51
48.02
51.25
54.24
57.02
59.60
62.02
64.29
56.42
68.43
70.32
72.12
73.82
75.44
76.97
78.44
79.84
81.18
82.46
83.69
84.86
86.00
87.08
88.13
89.14
90.11
91.05
91.96
92.84
93.69
94.51
95.31
96.08
96.83
97.56
98.26
98.95

4.01
8.02

12.02
15.99
19.89
23.71
27.41
30.99
34.44
37.76
40.96
44.02
46.97
49.80
52.51
55.12
57.63
60.04
62.36
64.59
66.74
68.82
70.82
72.75
74.61
76.41
78.15
79.84
81.47
83.05
84.58
86.07
87.51
88.91
90.26
91.59
92.87
94.12
95.33
96.52
97.67
98.79
99.89

100.96

Page 53 of 60
INDEPENDENT REVIEW OF

AGING WASTE TANK "BUMP" ANALYSES May 18, 1988

Heat Conducted
BTU Fract

1.420e+05 0.047
4.020e+05 0.066
7.390e+05 0.081
1.140e+06 0.093
1.580e+06 0.104
2.070e+06 0.113
2.600e+06 0.122
3.150e+06 0.129
3.730e+06 0.136
4.330e+06 0.142
4.950e+06 0.147
5.580e+06 0.152
6.220e+06 0.157
6.370e+06 0.161
7.530e+06 0.165
8.200e+06 0.168
8.870e+06 0.171
9.540e+06 0.174
1.020e+07 0.176
1.090e+07 0.179
1.160e+07 0.181
1.230e+07 0.183
1.300e+07 0.185
1.360e+07 0.186
1.430e+07 0.188
1.500e+07 0.189
1.570e+07 0.190
1.640e+07 0.192
1.700e+07 0.193
1.770e+07 0.194
1.840e+07 0.194
1.900e+07 0.195
1.970e+07 0.196
2.040e+07 0.197
2.100e+07 0.197
2.170e+07 0.198
2.240e+07 0.198
2.300e+07 0.199
2.370e+07 0.199
2.430e+07 0.199
2.500e+07 0.200
2.560e+07 0.200
2.620e+07 0.200
2.690e+07 0.200
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iHC-SD-WM-TI-406 Rev. 0

OUTPUT FROM CP.FOR GENERATED AS OF 19-APR-1983 11:25:30 PAGE 54 OF 25

2 0
235
240
245
250
255
250
265
270
275
230
235
290
295
300

99.62
100.27
100.90
101.52
102.12
102.71
103.28
103.84
104.39
104.92
105.44
1.05.95
106.45
106.94
107.42
107.88

- 102.00 2.750e+07
103.02 2.810e+07
.104.01 2.880e+07
104.98 2.940e+07
105.93 3.000e+07
106.86 3.060e+07
107.76 3.130e-,-07
108.65 3.190e+07
109.52 3.250e+07
110.37 3.310e+07
111.20 3.370e+07
112.02 3.430e+07
112.31 3.490e-07
113.60 3.550e+07
114.36 3.610e-07
115.12 3.670e-07

0N EE ENDEIT RE'/P'i V
AG iiG ASTE TANK "'UNP" AIALYSESpage 54 of 50

0.200
0.201
0.201
0.201
0.201
0.201
0.201
0.201
0.201
0.201
0.201
0.201
0.201
0.201
0.200
0.200

Miay 13, 198a


